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SUMMARY 

This  report  dwcribii  a  computer  model  of  combustor  transient  performance,  emphasizing 
recent  improvements  in  the  model’s  descriptions  of  heat  release  rate,  autoignition,  stability,  and 
fuel  injector  performance.  Also  included  is  an  independent  analysis  of  the  model  identifying  five 
parameters:  combustor  volume,  liner  pressure  drop,  combustion  efficiency,  turbine  inlet  flow 
parameter,  and  piadiflueer  exit  ana,  which  strongly  affect  the  model’s  calculations  of  combustor 
exit  temperature  and  flowrate.  Finally,  a  unique,  nearly  complete,  transient  combustion  facility  is 
described  along  with  the  instrumentation  which  will  be  used  in  the  first  test,  planned  for  1987. 
Data  from  this  test  will  be  used  to  validate  and  further  refine  the  model.  Ultimately,  the 
transient  combustion  model  will  become  a  tool  used  to  promote  stall  recovery  in  future  gas 
turbine  engines. 
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SECTION  I 
INTRODUCTION 


In  current  aircraft  gas  turbines,  compressors  must  be  designed  to  meet  the  contradictory 
demands  of  high  pressure  ratio  (to  optimize  engine  performance)  and  stall-free  operation  (to 
minimize  aircraft  vulnerability).  In  practice,  compressor  stall  margin  may  be  consumed  by  inlet 
distortion,  pilot  requested  transients,  and  engine- to -engine  manufacturing  variations.  Most  stalls 
are  self-recovering,  with  only  a  momentary  loss  of  engine  power.  However,  some  stalls  ate 
nonrecoverable;  they  cause  the  engine  to  operate  at  low  power  and  High  turbine  inlet 
temperature,  and  they  can  only  be  cleared  by  an  in-flight  shutdown  and  restart.  While  there  has 
been  considerable  effort  to  simulate  and  control  compressor  stalls,  little  attention  has  been  paid 
to  the  combustor’s  role  in  the  engine  post-stall  scenario,  even  though  combustor  response  to  a 
compressor  stall  can  determine  whether  or  not  the  engine  recovers. 

This  report  summarizes  Pratt  k  Whitney’s  efforts  to  model  and  understand  transient 
operating  conditiona  in  a  gas  turbine  combustor,  with  an  ultimate  goal  of  «*— »g»»»wg  future 
combustors  to  promote  stall  recovery.  Toward  this  end,  Pratt  k  Whitney  (PAW)  has  created  a 
lumped-parameter  computer  model  of  a  gaa  turbine  combustor,  and  haa  subjected  the  model  to 
independent  analysis  designed  to  identify  model  parameters  which  have  the  greatest  impact  on 
model  predictions  of  combustor  exit  temperature  and  flowrate.  This  analysis  has  also  resulted  in 
a  prediction  of  model  accuracy  when  test  sensor  (e.g.,  pressure,  temperature)  accuracies  ate 
within  specified  limits.  In  1987,  these  efforts  will  culminate  in  noncontractual  validation  of  the 
model  with  test  data  from  a  transient  combustion  facility  under  construction  at  United 
Technologies  Research  Center  (UTRC). 
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SECTION  II 


BACKGROUND  DISCUSSION 

1.  COMBUSTOR  CONTRIBUTIONS  TO  ENGINE  STALL  BEHAVIOR 
a.  Normal  Combustor  Operation 

The  combustor  is  located  at  the  heart  of  the  gas  turbine  engine.  From  a  thermodynamic 
cycle  standpoint,  the  role  of  the  combustor  is  simply  to  convert  the  chemical  potential  energy  in 
the  fuel  to  thermal  energy  by  combustion.  This  thermal  energy  is  then  converted  to  kinetic 
energy  in  the  turbines  to  drive  the  compression  system  and  create  thrust.  In  the  combustion 
process,  high  efficiency  at  low  pressure  drop  is  desired.  The  design  and  performance  of  a 
combustor  is  much  more  complex  than  the  blackbox  thermodynamic  description  suggests. 

A  typical  gas  turbine  combustor  during  normal  (i.e.,  unstalled)  operation  is  shown 
schematically  in  Figure  1.  The  compressor  exit  air  Mach  number  is  gradually  reduced  in  the 
diffuser  in  a  manner  which  limits  total  pressure  loss.  A  dump  section  is  provided  for  consistent 
flow  behavior  at  the  diffuser  exit. 


Combustor  stability  during  normal  operation  is  typically  considered  to  be  defined  by 
conditions  in  the  primary  zone.  Stoichiometry  and  swirler/fuel  nozzle  induced  swirl  strength  are 
prime  contributors  in  this  regard. 

Primary  zone  stoichiometry  is  controlled  by  the  combustor  fuel  and  front  end/primary  air 
flowrates  and  distributions.  Fuel  distribution  is  determined  by  the  spray  cone  structure  and  the 
degree  of  atomization,  and  can  vary  significantly  between  nozzles  of  different  designs,  such  as 
pressure  atomizing  or  airblast.  A  pressure  atomizing  fuel  nozzle  design  relies  upon  large  fuel 
pressure  drops  to  atomize.  A  pure  airblast  design  uses  the  shearing  effect  of  high  velocity  air  on  a 
fuel  film  for  atomization. 

Reverse  flow  in  the  primary  zone  occurs  when  a  nondimensional  ratio  of  tangential 
momentum  to  axial  momentum  (called  the  swirl  number)  exceeds  a  value  of  0.6.  The  static 
pressure  in  the  central  core  of  the  swirler  then  becomes  sufficiently  low  and  recirculation  results. 
With  increased  swirl  number,  the  recirculated  mass  flow  is  increased  and,  for  very  strong  swirl 
levels,  it  can  actually  exceed  the  swirler  flow. 

Primary  zone  reverse  flow  creates  stable  combustion  by  recirculating  hot  reacting  gases  and 
fresh  fuel  and  air  which  perpetuates  combustion.  Since  only  fuel  in  the  vapor  phase  can  bum, 
some  of  the  heat  release  is  used  to  help  vaporize  the  injected  fuel.  The  resulting  overall  fuel/air 
ratio  in  this  zone  must  be  within  lean  and  rich  limits  and,  in  general,  exceeds  stoichiometric  level. 

The  gases  exiting  the  primary  zone  enter  the  intermediate  zone.  The  intermediate  zone 
provides  time,  at  elevated  temperature,  for  the  recombination  of  the  dissociated  products,  such  as 
CO  and  H2.  This  recombination  process  helps  to  reduce  engine  smoke  emissions  and  prevent  low 
combustion  efficiency  at  reduced  power  conditions. 
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Are  Typically  Designed  for  Normal  Flow  Conditions 


The  gases  exiting  the  intermediate  zone  enter  the  dilution  zone.  In  the  dilution  zone,  the 
hot  gases  are  mixed  with  cooler  compressor  exit  air  to  reduce  temperature  levels  and  produce 
temperature  patterns  compatible  with  the  turbine.  Typically  at  high  power,  most  of  the 
combustion  is  complete  before  the  hot  gases  enter  the  dilution  zone. 

Combustors  are  presently  designed  for  these  conditions  of  normal  operation  and  are 
required  to  provide  the  following  at  acceptable  levels: 

•  Durability 

•  Exit  temperature  patterns  (hot  spot  and  average  profile) 

•  Starting  capability  at  sea  level  and  altitude 

•  Smoke  and  emissions  (including  efficiency). 

There  are  presently  very  few  accepted  guidelines  for  the  design  of  “stall  resistant  combustor 
systems.”  Two  of  these  are  elevated  fuel  nozzle  passage  pressures  to  limit  boiling  potential,  and 
increased  combustor  section  volume.  Conventional  “normal  operation”  design  guidelines  must 
not  be  severely  impacted  by  stall  resistance  design  considerations,  however. 

b.  Combustor  During  Stai 

During  normal  combustor  operation,  the  distribution  of  airflow  is  bookkept  in  the  interests 
of  providing  desired  exit  temperature  patterns,  durability,  starting,  and  smoke  and  emissions. 
These  airflow  distributions  are  determined  by  measured  steady-state  pressures.  Figure  2 
illustrates  in  a  simple  manner  what  is  believed  to  happen  to  combustor  air  flow  during  an  engine 
surge.  For  pre-surge  conditions,  the  airflow  distribution  is  normal.  During  the  early  stage  of  the 
surge  cycle,  the  airflow  into  the  combustor  is  retarded  as  the  compressor  discharge  flow  is 
reduced.  As  the  engine  approaches  the  trough  of  the  surge  cycle,  it  is  speculated  that  deep  reverse 
flow  within  the  combustor  section  occurs.  Hot  reactants  and  products  are  drawn  forward  out  of 
the  liner.  Primary  zone  recirculation  patterns  and,  therefore,  stability  in  the  conventional  sense 
may  vanish  from  the  primary  zone.  On  the  repressurization  side  of  the  surge  cycle,  forward  flow 
is  reestablished  and  some  of  the  reactants  and  products  are  drawn  back  through  the  combustor 
liner.  During  these  last  two  steps,  it  is  considered  crucial  whether  or  not  the  combustor  blows  out 
and,  if  so,  does  it  relight  (if  normal  terminology  can  be  applied). 


In  the  case  of  a  rotating  stall,  the  amplitude  of  the  combustor  pressure  variations  is 
decreased  while  the  frequency  is  increased.  Local  combustor  response  to  a  passing  stalled  cell 
might  be  visualized  as  being  somewhat  similar  to  surge  response,  but  of  reduced  severity.  The 
passing  stall  cell  induces  a  local  reverse  flow  of  reduced  strength  relative  to  a  surge  induced 
reverse  flow.  The  cell  must  affect  local  combustion  to  some  extent  as  it  passes,  but  complete 
blowout  is  not  likely. 

Combustor  poststall  dynamic  effects  have  a  significant  impact  on  engine  system  stall 
recovery.  Possibly  the  most  important  of  these  is  the  tendency  for  repeated  combustor 
blowout/relight  during  surge  cycling  to  reduce  engine  power  level  far  into  the  sub-idle  region. 
Once  in  the  far  sub-idle  (or  starting)  region,  it  can  be  easy  for  the  engine  to  fall  into  rotating  stall 
(stagnation).  As  shown  in  Figure  3,  repeated  combustor  relight/blowouts  on  the  surge  cycles 
drive  average  combustor  pressure  well  below  idle  level.  The  end  result  of  this  transient  was 
rotating  stall. 
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Reignition  Following  Surge  Can  Be  Crucial  to  Engine  Stall  Recovery 


A  study  was  conducted  to  determine  the  feasibility  of  using  either  existing  rigs  or  engine 
configurations  to  conduct  timely  yet  relatively  inexpensive  transient  teste.  No  suitable  facility 
presently  exists  at  PAW  to  accomplish  this  goal  However,  the  United  Technologies  Research 
Center  Transient  Combustion  Facility  (planned  to  be  operational  in  1987)  has  this  objective  and 
was  selected  under  this  study. 

The  combustor  model  was  integrated  into  the  Systems  Control  Technologies  (SCT) 
parameter  estimation  code  and  subjected  to  system  identification  analysis.  This  analysis 
determined  the  feasibility  of  identifying  combustor  model  characteristics  from  rig  test  data  with 
the  goal  of  including  the  identified  model  in  a  full-scale  engine  poststall  model. 

SCT  and  Pratt  A  Whitney  defined  sensor  sets  which  are  currently  practical  for  poststall 
combustor  testing  and  sensors  which  are  not  currently  available  but  could  be  developed  in  the 
near  future.  Accuracy  levels  for  all  sensors  were  then  defined,  and  estimates  of  combustor  model 
parameter  uncertainties  were  made. 

Using  these  uncertainty  estimates,  the  optimum  set  of  parameters  to  identify  was  defined 
for  each  combination  of  input,  sensor  set,  and  uncertainties.  These  estimation  sets  ate  optimum 
in  the  sense  that  they  will  minimi—  combustor  model  output  error  due  to  estimation  error. 

Estimation  accuracy  analysis  was  then  performed  in  an  iterative  fashion  for  each 
estimation  set.  The  final  result  of  this  analysis  is  a  specification  of  the  teat  instrumentation, 
inputs,  and  model  uncertainty  required  to  determine  combustor  model  characteristics  from  test 
data. 


A  test  input  which  drives  the  combustor  into  its  different  modes  of  operation,  is  desirable 
and  has  been  selected  as  an  input  to  the  transient  rig.  It  is  essential  that  the  state  of  the  burner 
be  determined  through  proper  instrumentation  of  the  facility  and  rig,  and  that  the  computer 
model  be  flexible  enough  to  react  to  and  simulate  that  change.  The  JET  AS  computer  system 
installed  in  the  transient  facility’s  control  room  is  capable  of  accessing  data  at  as  high  a  rate  as 
500  cuts/sec.  This  is  more  than  adequate  for  the  type  of  instrumentation  and  resolution  desired. 

3.  SUMMARY  OF  FMDMOS 


During  the  literature  search,  most  of  the  technical  papers  on  combustor  modeling  reviewed 
were  concerned  with  steady-state  operation,  but  the  lumped  volume  approaches  takenjends  them 
to  transient  analysis  as  well.  No  papers  were  identified  which  specifically  presented  poststall 
combustor  models.  However,  many  papers  were  assembled  which  concentrate  on  the  important 
physical  mechanisms  which  occur  during  poatetell  combustor  operation,  namely  mixing, 
evaporation  and  chemical  reaction.  These  mechanisms  along  with  gas  dynamic  effects  such  as 
residence  time  and  turbulence  intensity  help  to  control  combustor  ignition,  stability,  flame 
propagation  and  efficiency.  A  bibliography  of  the  important  publications  which  were  used  in  the 
formulation  of  the  postetall  combustor  model  under  this  program  are  listed  in  the  reference 
section. 

(1)  fiMtig  DfgtM  Computer  Mote 

A  review  and  critique  of  the  existing  state-of-the-art  PAW  postetall  combustor  dynamic 
computer  model  developed  under  the  AF  contract  F33615-79-C-2087  was  also  performed.  The 
model  is  shown  schematically  in  Figure  4  and  in  flow  chart  form  in  Figure  5.  It  consists  of  two 
lumped-parameter  volumes,  one  representing  the  region  surrounding  the  combustor  liner  and  the 
other  representing  the  region  inside  the  liner.  Flow  into  the  outside  liner  is  calculated  based  on 
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the  “dump  loss”  — ociated  with  sudden  expansion  at  the  diffuser  exit  and  likewise,  flow  through 
the  liner  is  baaed  mi  the  liner  pressure  drop.  Combustor  exit  flow  is  calculated  by  assuming  a 
choked  high  turbine  since  the  turbine  is  not  modeled. 


Plow  Cataiatad  from  Turbine  Flow 


Figure  4.  —  Existing  Combustor  Model  Represents  Outside  and  Inside  Liner  Regions  as 

Separate  Lumped  Volumes 

Each  of  the  two  volumes  incorporates  dynamic  equations  for  conservation  of  mass  and 
conservation  of  energy.  The  liner  volume  also  includss  conservation  of  fael  so  that  ftiel/air  ratio 
can  be  taken  as  the  ratio  of  the  maos  of  fuel  within  the  volume  to  the  mass  of  air  as  shown  in 
Figure  6. 


The  heat  release  due  to  combustion  is  obtained  by  reading  steady-state  temperature  rise 
curves  with  fuel/air  ratio  and  applying  a  first-order  lag  intended  to  account  for  transient 
residence  time  effects  as  shown  in  Figure  7.  This  provides  a  somewhat  realistic  transient 
temperature  rise  with  minimal  computational  complexity. 


The  model  also  includss  other  important  physical  processes  using  empirical  correlations. 
Blowout  limits  are  checked  and,  if  exceeded,  the  temperature  rise  is  xero.  Following  blowout,  the 
combustor  does  not  immediately  relight  once  stability  limits  are  no  longer  violated.  Rather,  some 
time  elapses  before  the  relight  This  autoignition  delay  time  has  been  correlated  with  entering  air 
temperature  and  pressure.  Once  the  relight  is  initiated,  the  flame  must  propagate  around  the 
annulus;  it  is  assumed  that  the  propagation  is  a  linear  function  of  time. 
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•  Continuity  EON  for  Air  —  Mass  of  Air 

•  Continuity  EON  for  Fuel  -  Mass  of  Fuel 


f/a  - 


Mass  of  Fual 
Mass  of  Air 


FDA  276406 


Figure  6.  —  Model  Simulates  Masses  of  Air  and  Fuel  Separately  for  Transient  Fuel/ Air 

Ratio  Calculation 


(2)  Shortcoming a 

An  analysis  of  the  function  of  the  various  subroutines  and  how  they  interact  as  well  as  the 
overall  methodology  of  the  model  was  undertaken  in  the  review.  The  weaknesses  in  the  model 
and  the  methods  of  dealing  with  the  weaknesses  will  be  discussed  in  this  section. 

(«/  swQ^K  rWfSVww 

The  efficiency  values  which  are  applied  to  the  ideal  temperature  rise  are  based  upon  a 
simple  functional  form  involving  only  two  variables.  The  literature  search  indicated  that  steady- 
state  combustor  efficiencies  are  dependent  on  mixing,  evaporation,  and  reaction  effects  which 
involve  many  variables.  Also,  the  application  of  a  first  order  time  lag  may  be  appropriate,  but  the 
time  constant  involves  more  physical  effects  than  only  residence  time. 

(b)  Combustion  Zones 

The  “inside  liner”  volume  was  previously  one  lumped  volume.  This  was  divided  into  a 
primary  and  a  secondary  zone  because  the  primary  zone  is  most  influential  in  terms  of  ignition 
and  stability  and  is  separable  from  the  secondary  zone  in  this  regard. 

(c)  Ignition  Model 

Autoignition  delay  time  was  previously  the  only  criterion  used  for  a  combustor  “on/of T 
decision.  Using  the  characteristic  time  approach,  a  spark  ignition  criterion  was  added  for  better 
modeling  and  completeness. 
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Figure  7.  —  Heat  Release  Calculation  for  Nonrecoverable  Stall  Investigation  Combustor  Dynamic  Model 


(d)  Stability 


The  original  blowout  characteristic  did  not  allow  the  inclusion  of  all  the  important 
variables  revealed  in  the  literature  search,  and  was  based  upon  steady  state  rig  data.  A  stability 
calculation,  better  than  the  original,  was  required  to  determine  if  blowout  limits  are  exceeded.  A 
characteristic  time  approach  was  adopted. 

(e)  Fuel  injector 

An  improved  fuel  injector  model  was  incorporated  to  allow  calculation  of  droplet  size.  Fuel 
nozzle  design  and  fuel  type  are  strong  drivers  on  spray  droplet  size  (typically  identified  by  the 
Sauter  mean  diameter  or  SMD)  which  is  involved  in  the  physics  of  evaporation,  flame 
propagation,  and  efficiency. 

(3)  Approach 

A  combustor  modeling  approach  which  has  been  given  much  attention  in  the  literature  is 
that  of  characteristic  times.  Characteristic  times  can  be  formulated  for  mixing,  evaporation, 
chemical  reaction,  residence,  and  quenching.  Relationships  between  these  characteristic  times 
can  be  developed  to  form  criteria  for  spark  induced  ignition  and  stability.  The  previous  model 
used  a  first  order  lag  approach  but  the  time  constant  is  now  represented  as  the  sum  of  the 
residence,  evaporation,  and  reaction  characteristic  times. 

d.  tmi  uonnguraoon  Dtimnion 

A  survey  of  possible  test  configurations  indicated  that  no  appropriate  rigs  existed  for 
simulating  combustor  transient  operation.  It  was  also  apparent  that  engine  testing  was  far  too 
late  in  the  development  cycle  and  a  very  expensive  operability  test  vehicle.  Early  in  this  program 
effort,  a  capital  appropriation  for  the  construction  of  the  Transient  Combustion  Facility  at  the 
United  Technologies  Research  Center  in  East  Hartford  was  approved.  The  purpose  of  this 
facility  is  to  provide  a  less  expensive  approach  to  operability  testing  which  can  be  performed 
much  earlier  in  the  engine  development  cycle.  It  will  also  serve  as  an  excellent  poststall 
combustor  dynamic  test  vehicle  for  the  refinement  of  the  poststall  combustor  computer  model. 
The  facility  will  be  capable  of  simulating  compressor  surge  and  rotating  stall,  spooldown  relight 
conditions  and  lean  deceleration  conditions.  Flow  capabilities  for  this  facility  are  summarized  in 
Table  1  and  a  schematic  of  the  facility  itself  is  shown  in  Figure  8.  The  different  possible  airflow 
transients  are  illustrated  in  Figure  9. 

c.  sysivfvi  KMNnmcauon 

Optimal  parameter  estimation  sets  have  been  identified  for  a  range  of  possible  instrumenta¬ 
tion  sets  and  levels  of  model  confidence.  These  results  indicate  that,  with  current  instrumenta¬ 
tion  and  model  confidence,  estimation  of  four  model  parameters  will  produce  the  best  results. 
These  parameters  include  a  constant  bias  on  combustor  efficiency,  the  resistive  areas,  and 
volumes.  Parameter  estimation  techniques  require  the  coefficients  in  the  combustor  stability 
equation  to  be  identified  separately,  after  other  model  parameters  have  been  identified.  These 
terms  may  be  estimated  accurately  from  test  data  after  initial  identification  efforts.  As  with  all 
estimation  results,  identified  model  accuracy  is  dependent  on  the  model  structure. 
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TABLE  1, 


LIMITING  CONDITIONS  FOR  TRANSIENT  COMBUSTION  FACILITY 

Airflow 

•  Stand?  State  Oparatioo  —  Cwteaw 


•  Flowrate 

lOppa 

*  Pumas 

230  pna 

•  Tiavmtun 

1000*F 

•  Tranaiaot  or  Short  Duration  Steady  State 

•  Flowrate 

0-20  ppa 

Pnmn 

230  paia  max 

1000*F  urns 

.  Crete* 

10  Ht 

Fraquancy 
•  Riea/Dacay 

1-5  aac 

Tima 

Futl  Flow 

Stead?  State  or 

TramMnt  OpmtioB 

•  Flowrate 

0-0.5  ppa 

Pimun 

1000  paia  was 

Twpintun 

Ambiant  —  320*F 

*  Cretins 

30  Ht 

Fvaquancy 

•  Riaa/Daeay 

bMtentantoui 

Tuna 

Data  Acquisition  —  Fast  Rtsponss  (>1000  Ht) 

•  24  Channak 

•  Expact  UTRC  Caoacftr  to  Incnaaa 

d,  Tatt  Evaki«4on 

The  mult  of  the  test  evaluations  can  be  summarised  as  follows:  Non-eetimated  model 
parameters  must  be  known  on  the  average  to  within  5  percent  of  the  true  values.  Systematic 
measurement  errors  must  be  known  extremely  well  (sensor  bias  within  ±0.5  percent  and  sensor 
time  constraints  to  within  ±0.25  percent).  With  this  knowledge  and  currently  available 
instrumentation,  a  poststall  combustor  modal  could  be  identified  such  that  predicted  combustor 
exit  temperature  and  flow  would  be  accurate  to  within  5  percent  of  the  true  values  (combined 
total  error). 
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Airflow  or 
Fuel  Flow 


Airflow  or 
Fuel  Flow 


a)  Monotonic  Transient 


'WY 

Tima 


Fuel:  30  Hz 
Air  10  Hz 


b)  OscHating  Transient 


c)  Combinad  Transient 
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Figure  9. 


Combustor  Transients 


SECTION  IN 


TEST  CONFIGURATION  DEFINITION 


1.  TEST  INPUTS 

The  combustor  transient  model  was  exercised  at  SCT  using  two  input  test  cases.  The  first 
test  case  simulates  the  compressor  exit  pressure  during  multiple  planar  surge.  This  consists  of  a 
20  Hz  signal  imposed  on  an  inlet  pressure  varying  from  50  to  250  psia.  The  second  test  case  is  a 
slow  increase  in  fuel  flow,  from  0.0  to  2.0  pps  with  combustor  inlet  pressure  constant  at  14.7  peia. 

2.  INSTRUMENTATION 

It  is  important  to  state  at  this  time  that  the  rig  and  facility  instrumentation  must  be 
capable  of  indicating  at  what  time  during  the  transient  the  burner  is  in  the  lit  and  unlit  modes. 

The  selection  of  combustor  and  rig  instrumentation  will  be  determined  by  such  factors  as 
their  frequency  response,  accuracy,  durability,  and  nonobtrusiveness.  Adequate  but  not  exceeaive 
redundancy  is  important  to  allow  for  instrumentation  failure  without  incurring  excessive  cost  or 
influencing  the  flowpath  because  of  large  instrumentation  bundles.  Selection  of  instrumentation 
based  upon  frequency  response,  however,  is  likely  to  be  the  most  important  factor  for  a  dynamic 
combustor  test.  A  typical  rule  of  thumb  for  the  measurement  of  transient  phenomena  is  that  data 
should  be  sampled  at  twice  (2X)  the  event  frequency  for  frequency  information  and  10X  for 
amplitude  and  phase  information. 

Facility  transient  capabilities  must  be  considered  as  well  as  the  dynamics  of  engine  stall 
events  when  selecting  instrumentation  based  upon  frequency  response.  For  the  measurement  of 
pressure  at  high  frequencies  there  are  at  least  three  possibilities:  Statham,  Kulite,  or  Kistler 
sensors.  Statham  pressure  sensors  can  sample  at  rates  up  to  approximately  1000  Hz,  but  Kulites 
or  Kistlers  have  much  higher  maximum  sampling  rates  at  nearly  20,000  and  50,000  Hz, 
respectively.  These  sampling  rates  assume  flush  mounting  with  no  leads  which  detract  from  the 
response  levels.  If  leads  of  any  substantial  length  are  required,  Kulites  and  Kistlers  might  be  left 
as  the  only  adequate  pressure  sensors,  since  Stathams  display  limited  response  margin.  Accuracy 
levels  for  these  devices  are  typically  about  1  percent  of  full  scale. 

Given  the  importance  of  burner  state,  an  optical  viewing  probe  will  be  used  as  a  data 
gathering  device  and  the  signal  will  be  recorded  on  video  tape.  This  video  recording  will  have  a 
time  signal  superimposed  on  the  signal  from  the  host  computer  so  that  during  data  analysis,  plots 
may  be  compared  to  the  video  transmission. 

With  a  test  input  of  20  Hz,  it  is  necessary  to  have  a  minimum  of  40  Hz  frequency  response 
for  frequency  definition,  and  200  Hz  for  amplitude  information.  For  the  transient  combustor  test 
rig,  the  minimum  line  length  for  burner  pressure  instrumentation  will  be  about  6  inches.  With 
these  line  lengths  required  to  route  the  instrumentation  to  an  accessible  location  the  best 
Statham  sensor  frequency  response  would  be  23  Hz.  The  more  capable  Kulite  sensor  for  the  same 
conditions  will  provide  65  Hz  frequency  response.  Given  SCTs  conclusion  that  50  Hz  is 
adequate,  the  pressure  data  should  allow  accurate  examination. 

Air  temperature  response  will  be  limited  to  5  Hz  at  best,  and  for  the  majority  of  the 
transient  testing  will  be  on  the  order  of  1  Hz.  Conventional  platinum-iridium  thermocouples  with 
wire  diameters  ranging  from  15  mils  to  3  mils  will  provide  durability  during  the  checkout  phase 
(15  mils)  and  somewhat  better  response  time  (3  mils  at  5  Hz)  during  crucial  transient  data 
gathering. 
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Figure  11.  —  Extensive  Transient  Instrumentation  Is  Required  for  Dynamic  Model  Validation  Tests 


Two  14  track  FM  tape  systems  can  be  used  to  record  up  to  26  critical,  high  response 
pressures  (one  each  for  time).  These  FM  recorders  are  capable  of  recording  frequencies  well 
above  the  range  of  Kulite  sensor  response  expected  from  this  data. 

The  use  of  the  video  recorder  is  made  necessary  by  the  distinct  modes  of  combustor 
operation  (on  or  off).  The  optical  viewing  probe  is  capable  of  sending  a  signal  to  the  computer  as 
a  digital  representation  of  the  optical  data,  but  the  ability  to  see  with  the  eye  the  front  end  of  the 
burner,  will  be  irreplaceable. 

With  a  data  acquisition  system  as  capable  as  what  has  been  described  here,  and  the 
knowledge  that  the  instrumentation  is  adequate  to  perform  its  required  task,  the  data 
accumulated  should  provide  the  proper  information  to  verify  the  digital  computer  model. 
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SECTION  IV 


COMBUSTOR  MODELING 


1.  MOOEL  DESCRIPTION 

The  burner  physics  coded  into  the  original  digital  computer  combustor  model  inadequately 
described  the  burner  process  for  the  scope  of  this  program.  As  listed  in  the  Summary  of  Findings 
there  were  several  weaknesses  that  were  recognized  and  more  accurately  modeled  in  the 
improved  computer  code.  This  section  will  describe  the  improvements  and  explain  how  each  was 
incorporated  into  the  computer  code. 

Flexibility  has  been  designed  into  the  computer  program  so  that  data  may  be  matched  by 
changing  constants  in  equations  or  by  modifying  the  physical  makeup  of  the  burner  itself.  The 
input,  output,  and  burner  geometry  parameters  are  listed  in  Table  2,  and  a  description  of  these 
parameters  is  given  in  Table  3.  An  example  of  combustor  model  predictions  for  specified  inlet 
conditions  are  provided  in  Appendix  A. 


TABLE  2. 


SUMMARY  OF  ARRAY  PARAMETERS 


State* 

OutDUt 

Diddle  factor* 

X(l)  -  PTO 

Ytl)  -  P„ 

P(l)  -  FPHPT 

X(2>  -  Tw 

Y(2)  -  Ttj 

P(2)  -  AD  IFF 

X(3)  -  PT4 

Y<3)  -  W, 

P(3)  -  ALINR 

X(4)  -  TT4 

YU)  -  P-BW 

PM)  -  VOL36 

X<5)  -  V/oa 

Y(5)  -  TrtH 

P(5)  -  VOU 

Y(«)  -  W,,, 

P(6)  -  AP3 

Inputs 

Y<7)  -  Pt* 

P(7)  -  BP3 

YW  -  Tt» 

PIS)  -  AP38 

u<l)  -  P-„ 

Y(9)  -  Wj, 

P(»)  -  BP3S 

u<2)  -  Tw 

Y(10)  -  Pt»m 

P(10)  -  AP4 

u(3)  -  Wra 

Y(ll)  “  Tnut 

PUD  -  BP4 

Y(12)  -  Wnw 

P(t2)  -  AT3 

Y(13)  -  PT4 

P(13)  -  BT3 

Y(14)  -  TT4 

P<14)  -  tr, 

Y(15)  -  W4 

PI1®)  - 

Y(l«)  -  PT4M 

pus)  -  a™ 

Y(17)  -  Trm 

PUT)  -  tr* 

Y(18)  -  W* 

PUS)  -  Kr* 

Y(i9)  -  Wna 

PUS)  -  Bt4 

Y(20)  -  W nm 

P(20)  -  *r4 

Y(21)  -  Obuim 

P(21)  -  AWF 

Y(22)  -  Qscknm 

P(22)  -  BWF 

a.  Airflow  Monojmont 

The  improved  beat  release  calculation  “BURN  02”  more  accurately  models  the  burner 
physics.  The  burner  airflow  is  split  into  several  components,  illustrated  in  Figure  1.  These 
include  swirier  (or  fuel  nozzle)  airflow,  primary  (or  recirculation)  zone  airflow  and  intermediate 
and  dilution  zone  airflows.  The  swirier  airflow  is  primarily  responsible  for  foal  atomization 
which,  in  turn,  impacts  combustor  ignition  and  stability.  The  recirculation  airflow,  a  portion  of 
the  air  entering  through  the  primary  holes,  is  specified  to  calculate  primary  rone  stoichiometry, 
which  impacts  combustor  stability,  ignition,  chemical  efficiency,  and  circumferential  flame 
propagation. 
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TABLE  3. 


POSTSTALL  COMBUSTOR  MODEL  CANDIDATE  PARAMETER  SET  DIVISIONS 


Parameter  Name 

Description 

Mod*  Chans*  Parameters 

CSTAB 

Bias  on  Characteristic  Fuel  Evaporations/Reaction  Time*  in  Stability 

Equation 

CIG 

Biaa  on  Steady  State  Fuel  Evaporation/Reaction  Timas  in 

Ignition  Criterion  Equation 

CIGE 

Scale  Factor  on  Evaporation  Tun*  in  Ignition  Criterion 

CIGC 

Scale  Factor  on  Reaction  Time 

in  Ignition  Criterion 

Combustor  Physical  Parameter* 

FPHPT 

Resistive  Ana  at  Exit 

AD  IFF 

Resistive  Arsa  at  Inlst  (Diffuser  Dump  Loss) 

ALINR 

Burner  Liner  Loss 

VOL  35 

Outer  Case  Volume 

VOL  4 

Liner  Volume 

CPROP 

Scale  Factor  on  Flam*  Propagation  (Percent  Burning) 

CIGDLY 

Ignition  Delay  for  Autoignition 

CSTABE 

Scale  Factor  on  Fuel  Evaporation  Time  (Heat  Release) 

CSTABC 

Scale  Factor  on  Fuel  Reaction  Time  (Heat  Release) 

CTAU 

Bias  on  Hsat  Relsase  Lag 

CTAUM 

Seals  Factor  on  Mining  Time  (Heat  Release) 

CEFFA 

Quadratic  Combustion  Efficiency  Correlation  Term 

CEFFB 

Linear  Combustion  Efficiency  Correlation  Term 

DELEFF 

Bias  on  Combustor  Efficiency 

BOTIME 

Tuns  of  Blowout 

Sensor  Model  Parameter* 

AP3 

Diffoeer  Total  Pmasur*  Maaaun 

imsnt  Scale  Factor 

BP3 

Diffuser  Total  Pmauie  Maaaun 

Maent  Biaa  Factor 

TAUP3 

Diffoasr  Total  Prmaum  Maaaun 

Meant  Tima  Constant 

AP35 

Outarcaas  Total  Pressure  Mesau 

rement  Scale  Factor 

BP35 

Out  ere  see  Total  Pressure  Mesau 

ramsnt  Biaa  Factor 

TAUP35 

Out  ere  ass  Total  Preeaure  Msaau 

■ament  Tune  Constant 

AP4 

Linear  Total  Preeaure  Meaaurea 

eant  Seals  Factor 

BP4 

Linear  Total  Pressure  Meaauren 

■ant  Biaa  Factor 

TAUP4 

Linear  Total  Pressure  Meaeuisc 

sent  Tim*  Constant 

AT3 

Diffoasr  Total  Temperature  Mat 

muremsnt  Scale  Factor 

BT3 

Diffoasr  Total  Tsseporatura  Mm 

wuremsnt  Bias  Factor 

TAUT3 

Diffoasr  Total  Temperature  Mm 

muremsnt  Tim*  Constant 

AT36 

Outercaae  Total  Temperature  M 

Isseurement  Scale  Factor 

BT35 

Outarcaas  Total  Temperature  M 

liannement  Bias  Factor 

TAU38 

Outarcaas  Total  Temperature  Measurement  Tim*  Constant 

AT4 

Linear  Total  Temperature  Mass 

uremsnt  Scale  Factor 

BT4 

Linear  Total  Temperature  Mesa 

uremsnt  Bias  Factor 

TAUT4 

Linear  Total  Temperature  Mem 

urement  Time  Constant 

AWF 

Fuel  Flow  Measurement  Scale  Factor 

BWF 

Fuel  Flow  Measurement  Bias  Factor 

mic 


b.  Hmi  Rwl— —  Routine  Logie 

Th«  bask  combustor  physical  processes  that  are  modeled  are  contained  in  the  program’s 
beat  release  routine.  Figure  12  shows  bow  the  improved  heat  release  calculation  fits  into  routine 
“STATIC”  of  the  main  program.  STATIC  is  used  to  calculate  steady-state  combustor 
parameters.  The  heat  release  routine  is  employed  to  evaluate  the  state  of  the  combustor  (lit  or 
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unlit)  and  combustor  heat  release  at  each  time  step.  Referring  to  Figure  13,  supporting  variables 
for  the  various  combustor  correlations  are  first  calculated,  after  which  the  state  of  the  combustor 
at  the  previous  time  step  is  checked. 


Figure  12.  —  Revised  Routine  STATIC  Including  Improved  Heat  Release  Subroutine 

BURN 02 


FDA  307913 


Figure  13.  —  Simplified  Flow  Diagram  for  Heat  Release  Routine 


If  the  burner  is  not  lit,  conditions  in  the  primary  cone  are  examined  to  determine  if  they  are 
favorable  for  autoignition.  If  not,  the  potential  for  spark  ignition  is  checked.  Since  the  ignitor 
does  not  operate  continuously,  an  evaluation  of  the  occurrence  of  spark  ignition  includes  an 
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assessment  of  whether  or  not  the  ignitor  has  fired  between  the  previous  and  present  time  steps, 
as  well  as  an  examination  of  primary  zone  conditions.  Should  it  be  determined  that  autoignition 
and  spark  ignition  do  not  occur,  temperature  rise  and  efficiency  are  equated  to  zero,  and  time  lag 
calculations  are  made. 

If  the  combustor  is  found  to  be  lit  at  the  previous  time  step  or  if  autoignition  or  spark 
ignition  occurs,  conditions  in  the  primary  zone  are  examined  to  determine  if  stable  operation  is 
possible  at  the  present  time  step.  If  not,  combustor  blowout  occurs,  efficiency  and  temperature 
rise  ate  equated  to  zero,  and  time  lag  is  calculated.  If  stable  combustion  is  possible,  chemical 
efficiency,  combustor  temperature  rise,  and  the  extent  of  flame  propagation  around  the 
combustor  annulus  are  determined  prior  to  the  time  lag/heat  release  calculations.  The  flame 
propagation  calculation  does  not  apply  when  the  combustor  has  been  lit  as  a  result  of 
autoignition.  In  this  case,  it  is  assumed  that  conditions  are  favorable  for  autoignition  at  multiple 
locations  around  the  circumference  of  the  burner,  and  propagation  is  instantaneous.  If  the 
combustor  lights  via  spark  ignition,  however,  the  time  required  for  the  flame  front  to  propagate 
around  the  annulus  is  taken  into  account. 

A  description  of  the  correlations  used  to  evaluate  the  various  physical  processes  referred  to 
above  is  provided  in  the  following  section. 

c*  nvn  nvititi  nouvRiv  mnivhimii 

The  heat  release  routine  first  calculates  a  number  of  supporting  variables  which  include: 

•  Inlet  air  properties 

•  Atomization  characteristics  (Sauter  mean  diameter) 

•  Turbulent  intensities  within  the  combustor 

•  Fuel  droplet  Reynolds  number 

•  Mass  transfer  numbers 

•  Effective  primary  zone  fuel-air  ratio  (based  on  the  fraction  of  vaporized  fuel). 

These  parameters  are  necessary  to  evaluate  the  various  combustor  physical  processes 
discussed  in  the  following  paragraphs. 

( 1 )  Spark  Ignition 

The  ignition  and  stability  models  use  the  characteristic  time  approach  presented  by  Ballal 
and  Lefebvre  and  correlated  to  many  PAW  commercial  and  military  aircraft  gas  turbine  engine 
data  by  Andreadis.  This  approach  was  viewed  as  being  the  simplest  to  incorporate  while 
exhibiting  the  important  physics  with  flexibility.  The  spark  ignition  model  states  that  for 
ignition  to  occur,  the  passage  of  the  spark  must  create  a  small,  roughly  spherical  volume  of  air 
(spark  kernel)  with  a  sufficiently  high  temperature  to  initiate  evaporation  and  chemical  reaction. 
If  the  rate  of  heat  release  by  combustion  exceeds  the  rate  of  heat  loss  by  thermal  conduction  and 
turbulent  diffusion,  then  the  kernel  grows  to  a  size  capable  of  flame  propagation.  The  ignition  is 
successful  when  the  time  required  for  the  fuel  to  evaporate  (tt)  and  chemically  react  (xc)  is  less 
than  (on  an  order  basis)  the  time  required  for  the  cold  mixture  to  quench  the  spark  kernel  (tq)  by 
thermal  conduction  turbulent  diffusion.  In  equation  form: 


where  Ct,  C2,  and  C3  are  constants  of  proportionality  or  “free  variables”  which  were  determined 
by  Andxeadia  to  be: 


C,  -  0.0 
C2  -  0.1 
C3  -  1.0 

The  spark  kernel  quench  time  (tq)  was  defined  as  the  ratio  of  the  heat  capacity  of  the  spark 
kernel  divided  by  the  average  rate  of  heat  loss  from  the  kernel  by  thermal  conduction  and 
turbulent  diffusion,  Le.: 

For  moderate  turbulence: 

j* 

^  “  ^aV&0du'<Q’(m8ec)  (2) 

For  high  turbulence,  this  reduces  to: 

%  -  (3) 


where: 


A  \  6E 

^  "  L  nCp^T. 


I 


(4) 


and 


u'  -  0.750  (5) 

The  droplet  evaporation  time  (xt)  is  defined  as  the  ratio  of  the  mass  of  fuel  present  to  the 
average  rate  of  fuel  evaporation  for  polydisperse  spray.  Thus  according  to  Ballal  and  Lefobvn, 
the  droplet  evaporation  time  is  given: 

_ _ C.jp.Cp.QMD)1 

'  8Ce,K,*lo«(l  ♦  BX1  +  0.26  C4M  R*“) 

when  the  mass  transfer  number  (B)  is  defined  as  the  available  vaporization  energy  divided  by 
the  energy  required  to  vaporise  the  fuel.  In  equation  form: 

b- «r  <*> 

The  energy  required  to  vaporize  the  fuel  is  stated  as: 

0,  "  L.  +  Cp^T,  -  T0)  -  L*  +  CpXTj  -  T#)  (8) 

The  energy  available  to  vaporise  the  fuel  is  calculated  by: 

0**  -  (M-  H/r)  +  Cpj^T,  -  T.)  (9) 
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The  constants  used  in  the  evaporation  equation,  Cet,  Ce2,  and  Ce3  are: 


-LJf 


*.< 
t  , 

t  > 


Cet  -  0.31 
Ce2  -  0.21 
Ce3  -  0.46 

The  characteristic  reaction  time  calculation  is  dependent  upon  the  relative  value  of  the  root 
mean  square  of  the  fluctuation  velocity  and  the  laminar  and  turbulent  flame  speeds. 

'• '  *•*<*  (io» 


for  u'>2SL 


where  the  laminar  flame  speed  is  determined  from  a  P&W  relationship: 

SL  -  Su,  (-£-)"  (t"  ~T  )~U  e*P  (-2xl04/Tfl  +  2xl04/Tno)  (12) 

From  propane  and  ethane  data 

Slo  ”  38  cm/sec 

Tflo  -  4114*R 

Tao  -  540 'R 

and  the  flame  speed  correlated  for  combustor  turbulent  intensity  using  the  Shchelkim  model  as 
follows: 


^  -  S^H- (-£-)]“ 


(2)  Stability 

For  the  combustion  stability  model,  the  stabilization  process  is  viewed  as  occurring  in  the 
shear  layer  surrounding  the  combustor  recirculation  zone  by  way  of  turbulent  mixing  of  fresh 
reactants  and  hot  products  and  partially  oxidized  fuel.  The  stability  criterion  is  met  when  the 
volumetric  residence  time  (x^)  of  the  hot  turbulent  eddies  present  in  the  shear-layer  region  is 
greater  then  the  evaporation  time  (xf)  plus  chemical  reaction  time  (xc)  (on  an  order  basis).  In 
equation  form: 

Trt,  >  C4  +  C5xe  +  CjX^msec)  (14) 


where  c4,  c5,  and  Cg  were  found  experimentally  by  Andreadis  to  be: 
C4  -  0.0 


C5  -  5.0 
Cfl  -  5.0 


26 


The  volumetric  hot  residence  time  (x^)  is  defined  as  the  ratio  of  the  primary  zone  volume 
divided  by  the  airflow  through  the  primary  zone  times  the  gas  density.  In  equation  form: 

t*,  -  (msec)  (15) 

(3)  Autoignition 

The  autoignition  cc  relation  employed  in  the  current  model  is  based  on  the  work  of 
Spadaccini  and  TeVelde.  In  this  correlation,  the  residence  time  of  the  unreacting  fuel-air  mixture 
(xvhr)  is  compared  with  the  ignition  delay  time  (x^)-  When  (xvhr)  is  equal  to  or  greater  than  (x^), 
autoignition  occurs.  In  equation  form: 


x^  >  xjmaec)  (16) 

Ignition  delay  time  is  defined  as: 


where: 

A  -  2.527  E  -  10  for  JP-4 
-  3.9E  +  4 

(4)  Combustion  Efficiency 

The  correlation  used  for  calculating  combustion  efficiency  was  developed  by  P&W  and  has 
been  successfully  applied  to  several  commercial  engine  combustors.  In  this  correlation, 
combustion  or  chemical  efficiency  (q)  is  dependent  on  air  loading  parameter  (ALP)  as  follows: 


1/q  -  0.9943  +  C7(FLPX)  +  C„(FLPX)2 

(18) 

FLPX  -  ALP^ 

(19) 

ALP  -  3  72 

P £  (VOL)  l0iOMVm  Tw> 

(20) 

where  the  constants  C7  and  C8  are  for  the  PW2037  and  were  adopted  here  because  the  Fl00(3) 
system  is  being  modeled  and  also  has  an  airblast  fuel  nozzle  system. 

C7  -  -1.963 
C8  -  2.501 

(3)  Flame  Propagation 

The  time  required  for  flame  propagation  around  the  combustor  annulus  following  spark 
ignition  is  calculated  from  combustor  geometry  and  turbulent  flame  speed.  The  percent  of  the 
annulus  lit  is  a  linear  function  of  time  and  flame  speed. 
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(6)  Combustor  Host  /totosss 

The  current  model  calculates  heat  release  due  to  combustion  (Qbun,)  by  employing  steady- 
state  ideal  temperature  rise  data  and  correcting  for  chemical  efficiency  and  the  extent  of  flame 
propagation  around  the  annulus.  Furthermore,  a  first  order  lag  is  applied  to  account  for  transient 
effects.  This  method  provides  a  realistic  transient  temperature  rise  with  minimal  computational 
complexity.  An  approach  requiring  a  transient  solution  of  the  chemical  composition  equations 
would  be  too  complex  for  a  system  type  model.  Heat  release  is  calculated  as  follows: 

Qbura  “  Wf  Cpj  PCB  AT*  (20) 


where: 


AT*  -  n  AT**  (l  -  exp  (PC.)  (21) 

The  lag  time  (t*)  is  a  function  of  evaporation,  chemical  reaction,  and  combustor  residence 
times  as  follows: 

t*  <■  C|  +  C,0 1*,  +  C,j  t»  +  Cw  te  (22) 


where: 


C,  -  0.0 
C10  -  5.0 
Cjj  m  5.0 
Cj2  *  1.0 

2.  LIMITATIONS  OF  THE  MODEL 

While  much  progress  is  being  made  regarding  the  development  of  the  P&W  combustor 
dynamic  model,  there  are  a  number  of  model  aspects  which  requite  further  efforts.  First,  the 
model  does  not  include  the  required  physics  for  assessing  the  impact  of  fuel  boiling  on  combustor 
transient  behavior.  The  model  is  currently  configured  only  for  constant  (liquid)  fuel  flowrates. 
Second,  the  model  does  not  have  the  capability  of  handling  multiple  fuels.  Although  most  of  the 
correlations  employed  are  dependent  upon  ftiel  properties,  the  model  fuel  property  library 
contains  only  a  single  propellant  (JP-4)  at  present  Third,  the  model  does  not  have  the 
capabililty  to  simulate  multiple  combustor  configurations.  With  the  exception  of  the  efficiency 
correlation,  the  model  uses  variables  rather  than  empirical  constants  to  account  for  the  influence 
of  combustor  geometry.  However,  the  combustor/fuel  nozzle  swirier  geometry,  inside/outside 
liner  volumes,  and  airlfow  splits  libraries  are  currently  limited  to  one  configuration  —  the 
F100(3). 
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SECTION  V 


SYSTEM  IDENTIFICATION  BACKGROUND 


1.  INTRODUCTION 

System  identification  is  a  powerful  technique  used  to  validate  and  enhance  computerized 
models  of  dynamic  systems.  Techniques  have  been  developed  which  allow  definition  of  system 
test  procedures,  identification  of  model  structures  and  parameters  which  simulate  the  dynamic 
system,  and  evaluation  of  the  uncertainty  and  sensitivity  of  the  identified  model.  The  system 
identification  procedure  represents  an  integrated  approach  to  the  problem  of  modeling  and 
understanding  uncertain  dynamic  phenomena.  State-of-the-art  system  identification  procedures 
and  theory  are  discussed  in  this  section. 

2.  SYSTEM  IDENTIFICATION  PROCEDURE 

Figure  14  illustrates  the  integrated  system  identification  procedure  which  is  applicable  to  a 
wide  variety  of  dynamic  systems.  The  system  identification  process  consists  of  an  iterative  loop 
of  test  planning,  actual  testing,  and  data  processing.  There  are  two  feedback  loops  in  the  process 
which  may  be  vital  to  the  success  of  the  system  identification.  An  inner  loop,  closed  during  data 
collection,  checks  the  quality  of  the  data  produced  in  the  tests.  This  checking  is  done  in  real  or 
nearly  real  time.  If  the  quality  of  the  data  is  determined  to  be  poor,  then  corrections  to  the  testing 
procedure  can  be  made  while  the  test  crew  and  facilities  are  still  available. 


An  outer  loop  around  the  entire  identification  process  is  also  closed.  For  the  first  pass 
through  the  identification  process,  a  model  structure  is  chosen.  Given  an  initial  model  structure, 
test  input  and  sensor  specifications  may  be  generated.  As  the  model  structure  and  parameter 
values  are  iterated  upon,  the  characteristics  of  the  model  which  result  may  indicate  that  different 
input  signals  or  sensors  are  required  for  complete  model  identification.  If  this  is  the  case,  then 
additional  tests  are  required. 

A  key  component  of  the  identification  process  is  the  estimation  of  system  parameters.  The 
theory  of  parameter  estimation  is  presented  in  the  following  section. 

3.  PARAMETER  ESTIMATION  THEORY 

The  techniques  used  to  identify  model  parameters  from  transient  data  are  drawn  directly 
from  parameter  estimation  theory  developed  at  SCT.  This  section  briefly  summarizes  the 
concepts  of  parameter  estimation  and  identification  sensitivity.  Sensitivity  tools  are  used  to 
determine  the  effects  of  instrumentation  (e.g.,  noise,  sample  rates,  lags)  and  model  structure 
(e.g.,  tri- modal  models,  nuisance  parameters)  on  the  identification  process. 

The  basic  idea  in  system  parameter  identification  is  to  find  model  parameters  that  make 
the  model  results  match  the  actual  data  as  closely  as  possible.  Parameters  identified  by  SCTs 
parameter  estimation  algorithm,  SCIDNT,  represent  maximum  likelihood  values  of  the 
estimated  parameters.  That  is,  the  identified  parameters  that  make  the  model  best  follow  the 
unknown  system  are,  most  likely,  the  actual  parameters  of  the  plant. 
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A  Priori  System  Model 


FDA  276396 


Figure  14.  —  Integrated  System  Identification  Procedure 


30 


Stated  mathematically,  the  problem  is  equivalent  to  minimising  a  performance  index,  the 
error  between  measured  plant  outputs  and  corresponding  model  outputs: 

UP)  -£(y-y)  (23) 

l 

where  x  -  f(x,  u,  to,  t,  0) 

and  y  -  h(x,  u,  t,  0)  +  u 

N  -  Number  of  data  points 
x  -  nx  states 

y  -  ny  outputs 

u  -  nu  inputs 

0  -  np  X  1  parameter  vector 

t  -  lime 

to  •nix  1  process  noise  vector 
u  -  ny  X  1  output  noise  vector 

E(co)  -  0  E(co  (o')  -  Q 
E(u)  -  0  E(u  o')  -  R 

where  E  is  the  expected  value 

and  E[x  s']  is  the  covariance  matrix. 

The  estimated  plant  outputs  are  determined  by  using  both  state  equations  and  output 
measurements. 


If  to  and  u  are  Gaussian,  then  the  performance  index  in  Equation  23,  can  be  expressed  as  a 
likelihood  function  (Equation  24).  This  likelihood  function  is  Gaussian  and  indicates  the 
likelihood  (probability)  that  a  certain  parameter  set,  0,  has  produced  the  measured  data,  y.  Since 
0  is  the  random  variable  here,  the  likelihood  Auction  coven  np-space,  and  instead  of  a  single 
normal  curve,  the  function  is  actually  an  np-space  surface. 

L(0)  -  N  (24) 


To  find  an  optimal  set  of  parameters,  the  likelihood  function  in  Equation  24  must  be 
maximised,  i.e.,  a  0  must  be  found  which  gives  the  largest  value  of  L.  Equation  24  can  be 
maximised  as  is,  but  a  simpler  approach  considers  the  negative  log  of  Equation  24.  Finding  the 
minimum  of  the  negative  log  likelihood  Auction  is  equivalent  to  finding  the  maximum  of  the 
likelihood  function: 


J(0)  -  -  In  L(0) 
min  J(0)  -  max  L(0) 
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where: 


J(0)  -  I  (v  u  R‘‘  +  2  lnR1'*)  (25) 

1 

J  -  Negative  log  likelihood  (cost  function) 
u  -  Y  -  Y(0) 

Y(0)  -  Model  outputs 

0  -  Model  parameters 

Y  -  Plant  measured  outputs 

R  -  E(u  u)  -  Covariance  of  measurement  noise. 


Minimizing  the  negative  log  likelihood  is  a  least  squares  problem,  very  similar  in  form  to 
Equation  23,  the  general  optimization  problem.  Because  u  and  <o  are  Gaussian,  the  relationship 
in  Equation  25  still  produces  mmrimiim  likelihood  parameter  estimates. 


The  maximum  likelihood  parameters  occur  where  J  is  at  a  minimum.  Finding  this 
minimum  requires  the  use  of  the  gradient  of  J  since  the  minimum  of  J  occurs  where  the  gradient 
(slope)  of  J  is  zero.  The  parameter  identification  algorithm  is  based  upon  finding  where  the 
gradient  of  J  is  zero: 


(26) 


SCIDNT,  the  SCT  algorithm,  uses  a  Gauss-Newton  method  to  converge  to  gradient  zeros. 
The  convergence  follows  a  first-order  iterative  algorithm.  Consider  some  initial  parameter  guess, 
0j,  the  gradient  of  J  at  0it  and  the  Hessian  (i.e.,  the  gradient  of  the  gradient,  or  second  partial  of 
J)  at  0j.  A  first-order  guess  of  where  the  gradient  is  zero  is 

0, , ,  -  0,  -  pM'1  x  g  (27) 


where:  0 

% 

M 

P 


-  np  x  1  parameter  vector 

-  Gradient  of  J 

-  Gradient  of  g  and  second  partial  of  J 

-  a  user  defined  scalar  (<  1)  used  to  control  the  rate  of  convergence. 


Convergence  occurs  by  iterating  through  the  algorithm  until  the  gradient  drops  below  a  minimal 
threshold  (e.g.,  0.001  percent).  The  critical  problem  at  this  point  is,  how  are  the  gradient  and 
Hessian  determined  for  a  nonlinear  model.  Differentiating  Equation  25  with  respect  to  0  yields 
the  following  relationships  for  the  gradient  and  Hessian  (written  in  matrix  form  for  the  jth 
parameter): 


«o>  -  £  ■ (»' R"  -m  - (1/s) R"  w  R“  ” + 1/2  Tr  R"  w) 


M 


■  £  (-fir  R'1  w+Tr  (r'1  “fl  R“  ilr)) 


M-i(!R“!) 


(28) 

(29) 

(30) 
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SCIDNT  approximates  the  gradient  and  Hessian  values  by  forming  estimates  of  the  v  and 
R  partials  using  a  perturbational  technique  for  each  parameter  0(j): 

W  +  (3i» 

-  (32) 

In  effect,  SCIDNT  propagates  two  output  models,  one  at  0  +  A0  and  one  at  0.  The  partial  of 
R  is  found  in  a  manner  similar  to  that  used  above.  From  these  approximations  and  the  stepping 
algorithm,  SCIDNT  produces  marimiim  likelihood  parameter  estimates. 

The  key  points  regarding  identifiability  and  sensitivity  lie  in  the  Hessian.  The  Hessian  is 
also  known  as  the  Fisher  information  matrix.  Its  name  derives  from  a  unique  property  where  its 
inverse  is  the  covariance  matrix  of  the  estimated  parameters.  As  a  result,  the  square  root  of  M 
inverse  is  a  measure  of  the  uncertainty  of  the  parameter  estimates. 


M‘*  -  E(0  0') 

(33) 

diag  M~,/l  -  E(0) 

(34) 

This  property  is  the  basis  for  the  identifiability  formulae  developed  in  the  following  subsections. 

The  uncertainty  relationship  in  Equation  33  is  an  ideal,  i.e.,  the  uncertainty  predicted  by 
the  information  matrix  is  a  minimal  value  based  upon  exact  model  and  plant  agreement.  Any 
disagreement  between  model  and  plant  in  form  or  parameter  values  will  be  reflected  as  an 
increase  in  uncertainty.  However,  once  the  model  and  plant  disagree,  the  inverse  square  root  of 
M  is  no  longer  a  mathematically  correct  prediction  of  uncertainty  and  the  values  predicted  by  M 
will  be  less  than  actual  uncertainties.  More  information  and  background  on  parameter 
estimation  and  applicable  algorithms  can  be  found  in  References  24  through  31. 

a.  Identifiability 

This  discussion  focuses  on  the  use  of  the  Hessian  for  developing  identification  relation¬ 
ships.  These  relationships  relate  uncertainty  to  sample  rates,  noise  levels,  and  limited  sensor 
sets. 


Identifiability  is  defined  as  a  measure  of  the  likelihood  that  any  estimated  parameter  is 
within  a  specific  range  of  the  actual  parameter  value.  Identifiability  can  also  be  thought  of  as  a 
measure  of  confidence  (or  uncertainty)  in  a  parameter  estimate.  This  is  a  more  quantitative  view 
of  identifiability.  Mathematically,  uncertainty  is  expressed  as  a  standard  deviation,  where  a 
single  standard  deviation  width  indicates  a  68  percent  probability  that  the  actual  parameter 
value  is  within  that  width. 
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Factors  affecting  M  (and  uncertainty)  may  be  understood  by  expressing  M  in  a  different 
form.  The  information  matrix  relationship  in  Equation  30  equates  M  to  a  sum  of  partial 
innovation  vector  products  normalized  by  the  measurement  noise  covariance  matrix,  R.  If  R  is 
considered  to  be  diagonal,  then  Equation  30  can  be  expanded  to  a  scalar  relation  where  each 
measurement  (or  innovation)  contribution  is  seen  separately: 

M  (|(&)’)  (35) 

In  this  form,  the  relationships  between  parameter  uncertainty,  number  of  data  points  (N), 
number  of  measurements  (m),  and  measurement  noise  level  (o(y))  are  more  clearly  visible. 
Generally  speaking,  parameter  uncertainty  decreases  with  1/  (N),  i.e.,  the  ability  of  the 
parameter  estimation  algorithm  to  identify  a  parameter  accurately  will  improve  with  the  square 
root  of  N.  One  simple  way  to  increase  the  number  of  data  points  is  to  use  a  higher  sample  rate. 
The  number  of  points  can  also  be  increased  by  making  several  runs  under  the  same  conditions.  In 
this  approach,  even  though  sample  rate  has  not  changed,  the  number  of  data  points  for  the  same 
type  of  information  has  increased.  Other  conditions  impinge  upon  the  selection  of  sample  rate 
minimuma,  but  generally,  identification  can  be  improved  without  increasing  sample  rates  by 
using  multiple  identification  runs  (i.e.,  multiple  maneuvers). 

Equation  34  indicates  that  uncertainty  decreases  as  the  number  of  outputs  is  increased  — 
not  a  very  surprising  result.  Equally  predictable  is  the  fact  that  uncertainty  increases  with 
measurement  noise.  In  fact,  uncertainty  increases  in  direct  proportion  to  overall  increases  in 
measurement  noise  levels. 

The  term  within  the  highest  level  brackets  in  Equation  34  has  a  unique  characteristic.  From 
Equations  31  and  34  it  is  apparent  that  this  term  is  only  dependent  on  the  model  output  and  the 
number  of  data  points.  Thus,  if  8  is  near  the  actual  8,  then  the  values  for  each  output  j  are 
constant.  This  is  illustrated  by  rewriting  Equation  34: 


where  m(u,  8)  is  the  contribution  of  the  jth  innovation  over  the  entire  measurement  period  (N 
points)  and  o(y)  is  the  noise  level  associated  with  the  jth  measurement. 

Since  m(u,  8)  is  constant  near  8  actual,  it  is  possible  to  relate  uncertainty  changes  to  various 
combinations  of  sensor  noise  levels.  In  fact  by  making  o  (y)  very  large,  it  is  possible  to  see  how 
uncertainty  will  change  without  the  contributions  of  a  sensor,  i.e.,  what  happens  to  uncertainty 
under  limited  sensor  sets. 

This  completes  the  development  of  identifiability  formulae.  These  results  are  used  later  in 
this  report  to  explain  how  uncertainty  is  quantified.  The  following  section  uses  the  information 
matrix  to  show  how  modeling  errors  affect  identification.  Together,  these  identifiability  and 
sensitivity  tools  explain  a  great  deal  about  how  successful  an  identification  will  be  and  how 
identification  can  be  improved. 

b.  Sensitivity 

The  effect  of  an  error  in  a  parameter  that  is  assumed  known  on  the  identification  of 
another  is  called  parameter  sensitivity.  For  in-stall  engine  parameters,  the  effects  of  biased  or 
incorrect  parameters  are  substantial.  Parameters  being  identified  (affected)  are  customarily 
called  “estimate  parameters”  8;  remaining  (affecting)  parameters  are  called  “nuisance  parame¬ 
ters”  (<p).  As  with  identifiability,  answers  to  the  sensitivity  problem  are  found  within  the  Fisher 
information  matrix. 
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The  information  matrix  defined  in  Equation  30  ia  an  np  X  np  matrix,  for  np  model 
parameters.  If  only  ne  parameters  are  being  estimated,  M  can  be  rearranged  and  partitioned  as 
follows:  M  nn 

Mn  Mi: 


M,t  - 


ne 

nn 


r  -I 

L  Mjj  Mjj  J 


(37) 


where:  ne  -  Number  of  estimate  parameters 

nn  -  Number  of  nuisance  parameters 
np  -  ne  +  nn 


Mn  is  the  Fisher  information  matrix  that  relates  the  changes  in  J  due  to  changes  in  only 
the  estimate  parameters,  0.  During  parameter  identification,  only  Mu  (the  portion  of  the 
information  matrix  which  pertains  to  the  parameters  being  identified)  is  used. 


A  relationship  between  9  and  a  can  be  found  by  using  other  portions  of  the  information 
matrix  (namely  M,2)  in  conjunction  with  Mn.  M12  can  be  expreaeed  as: 


M 


it  ” 


(38) 


Combining  the  information  in  Mu  and  M12  yields 

x.  -  m;;m„  - 

-  «(fc)  <39> 


where  Xb  -  bias  matrix. 

The  bias  matrix  indicates  how  much  the  estimate  parameters  change  for  a  unit  change  in 
the  nuisance  parameters.  Equation  38  is  the  exact  solution  for  the  scalar  case  (J,  0,  and  o  scalars) 
and  has  similar  interpretations  in  the  general  matrix  case.  Equation  38  can  now  be  used  to 
estimate  the  effects  of  biased  parameters  on  the  estimation  of  other  parameters.  For  the  worst 
case  results,  the  absolute  value  of  each  element  in  the  product  of  X,,  and  a  is  taken.  The  wont 
case  estimate  parameter  (9)  errors  are: 

Worst  Error  -  (Mi,1  Mw  |  |A<p|  (*°) 


where  Aq>  is  the  change  in  off  nominal 

Equation  39  is  the  primary  means  used  in  analyzing  potential  effects  of  nuisance  parameter 
errors.  A  typical  application  would  be  the  effect  of  a  change  in  a  sensor  time  constant.  For 
example,  assume  TT4  has  a  modeled  time  lag  constant  of  100  milliseconds,  but  the  actual  sensor 
time  constant  is  120  milliseconds.  How  might  this  nuisance  parameter  error  bias  estimates  of 
poststall  combustor  parameters?  Questions  of  this  type  are  addressed  in  a  subsequent  section  of 
this  report. 

4.  SUMMARY 

In  the  past  ten  years,  system  analysis  tools  have  been  developed  and  implemented  which 
are  directed  toward  system  identification.  The  tools  include  algorithms  for  mathematical  model 


36 


one 


structure  determination,  parameter  estimation,  and  test  planning.  A  unified  approach  to  the 
problem  of  understanding  uncurtain  dynamic  phenomena  has  been  formulated  using  these 
analysis  techniques  Application  of  system  identification  to  combustor  poststall  operation  is 
discussed  in  the  remainder  of  this  report 
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SECTION  VI 


APPLICATION  OF  SYSTEM  IDENTIFICATION  PROCEDURES 

1.  INTRODUCTION 

The  application  of  system  identification  techniques  to  the  poststall  combustor  model 
required  extensions  of  the  system  identification  procedure.  Because  the  combustor  can  operate  in 
different  discrete  modes  such  aa  blown  out  or  ignited  from  spark  or  autoignition,  special  care  is 
required  to  ensure  the  success  and  validity  of  system  identification  analysis.  The  system 
identification  techniques  developed  in  this  program  to  accommodate  the  complicated  nature  of 
the  combustor  model  are  detailed  in  this  chapter.  Included  are  discussions  of  model  parameteri¬ 
zation,  separation  of  the  discrete  combustor  modes  of  operation,  and  classification  of  model 
parameters  by  function  in  the  model  Inclusion  of  the  combustor  model  into  SC  ID  NT  is  the  first 
topic  presented. 

2.  LOADING  THE  MODEL  INTO  SC1DNT 

Prior  to  inserting  the  Generic  Poststall  Combustor  model  into  SCIDNT,  the  simulation  was 
run  on  the  VAX  11/785  to  verify  correct  operation  and  to  generate  test  cases  to  verify  the  output 
of  the  SCIDNT  resident  simulation.  This  initial  evaluation  was  completely  successful.  The 
simulation  matched  test  case  results  provided  by  P&W  exactly. 

Following  simulation  installation  and  testing  on  the  VAX  11/785,  the  combustor  model  was 
loaded  into  SCIDNT.  Out  of  foresight  and  necessity,  SCIDNT  was  designed  with  modularity  in 
mind.  SCIDNT  subroutines  are  modular  and  generic  so  that  dynamic  simulations  such  as  the 
combustor  poststall  model  are  easily  incorporated. 

SCIDNT  requires  three  subroutines  as  inputs: 

(1)  STATE 

(2)  STATIC 

(3)  MEAS. 

Inputs  and  outputs  of  these  three  required  SCIDNT  subroutines  are  shown  in  Table  4. 
STATE  calculates  the  state  derivativee  (XDOT).  Inputs  to  STATE  include  the  past  states  (X), 
the  vector  of  model  parameters  (P),  and  the  input  control  vector  (U).  STATIC  is  the  SCIDNT 
initial  condition  module  called  at  the  beginning  of  each  propagation  to  determine  the  system 
initial  states.  Inputs  to  STATIC  are  the  input  control  vector  and  the  model  parameter  vector. 
MEAS,  the  third  required  SCIDNT  module,  takes  the  current  state,  state  derivatives  (XDOT), 
the  control  input  vector,  and  the  vector  of  model  parameters  as  inputs.  The  measurement  vector 
(Y)  is  the  MEAS  output.  Note  that  any  parameter  in  the  P  vector  can  be  identified,  and  SCIDNT 
is  capable  of  identifying  up  to  50  parameters  simultaneously. 


TABLE  4. 

INPUTS  AND  OUTPUTS  OF  THE  REQUIRED  SCIDNT  SUBROUTINES 


Subroutine 

Input 

Output 

STATE 

X,  P,  U 

XDOT 

STATIC 

U,  P 

XINITIAL 

■ 

X.  XDOT.  U.  P 

Y 

2S8IC 


37 


A  sample  of  the  STATE,  STATIC,  and  MEAS  subroutines  from  the  combustor  simulation 
can  be  found  in  Appendix  B  of  this  report  These  subroutines  demonstrate  the  organizational 
complexity  resulting  from  dividing  the  highly  modular  and  flexible  code  across  its  many  designed 
boundaries. 

The  Generic  Poststall  Combustor  model  was  created  expressly  for  use  in  the  SC  ID  NT 
identification  code.  The  model  was  written  with  the  STATE,  STATIC,  and  MEAS  routines  in 
the  code.  This  greatly  simplified  the  installation  of  the  combustor  model  in  SC  ID  NT.  There 
were,  however,  a  number  of  changes  which  were  required  to  ensure  proper  operation  of 
simulation  within  the  parameter  estimation  code. 

The  modifications  made  to  the  combustor  simulation  are  conceptually  simple  but  required  a 
good  deal  of  effort  to  implement  and  test  The  simplest  change  was  to  convert  all  real  variables 
and  FORTRAN  functions  to  double  precision.  This  is  done  as  a  matter  of  course  in  parameter 
estimation  work  at  SCT  to  allow  numerical  accuracy. 

The  major  area  of  modification  of  the  combustor  simulation  was  to  eliminate  all  reliance  of 
the  code  on  memory  between  subroutine  calls.  That  is,  any  code  which  assumes  that  on  the  next 
pass  through  that  piece  of  code  the  variables  will  still  have  the  values  they  had  on  the  previous 
pass.  This  is  characteristic  of  first  order  lag  approximations  and  flags  which  control  discrete 
mode  changes.  The  reason  that  this  is  required  is  that  SC  ID  NT  calls  the  simulation  N6  times  at 
each  time  step.  Once  for  each  perturbed  model  corresponding  to  each  perturbed  parameter  to  be 
identified.  SCIDNT  was  written  in  this  way  to  conserve  memory  usage.  The  SCID NT  code 
computes  the  NO  x  NX  state  derivatives  at  each  time  step  and  integrates  NO  models  together. 
Thus,  the  code  must  have  all  dependence  on  “memory”  in  variables  (that  values  will  not  change 
between  time  steps)  replaced  by  vector  variables  which  are  indexed  by  the  perturbed  model 
number. 

As  an  example,  the  combustor  ignition  condition  is  stored  in  the  flag  MBLITE.  If  MB  LITE 
equals  0,  the  combustor  is  Mown  out  If  MBLITE  equals  1,  the  combustor  was  ignited  by  a  spark, 
and  if  equal  to  2,  the  combustor  was  ignited  by  autoignition.  SCIDNT  will  call  the  simulation 
with  the  nominal  parameter  values  and  then  call  it  repeatedly  using  the  parameter  set  with  one 
value  perturbed  at  a  time.  Then  one  tune  step  will  be  integrated  over.  If  on  a  given  call  the 
perturbed  parameter  value  makes  the  combustor  blow  out,  then  MBLITE  equals  0.  If  there  isn’t 
a  separate  MBLITE  for  each  model,  on  the  next  call  the  combustor  will  be  out  by  virtue  of  the 
previous  call,  which  is  not  correct  for  the  next  model 

The  combustor  model  was  carefully  examined  to  determine  all  occurrences  of  this  type  of 
assumed  “memory”  and,  where  found,  scalar  variables  were  replaced  by  vectors  indexed  by  the 
propagation  number.  The  total  number  of  such  terms  was  18.  The  SCIDNT  code  was  modified  to 
pass  a  flag  (IPROP),  corresponding  to  the  current  propagation  number,  to  the  STATE,  STATIC, 
and  MEAS  routines.  This  flag  is  used  to  index  the  vectors  of  memory  variables. 

A  related  change  was  required  to  assure  that  the  correct  outputs  would  be  produced  for  each 
perturbed  model.  The  simulation  was  written  so  that  outputs  were  not  computed  at  the  end  of  a 
time  step,  but  rather  the  subroutines  were  called  just  to  pass  the  output  values  to  the  output 
routine.  This  is  equivalent  to  saying  that  all  outputs  of  the  simulation  require  memory.  Model 
states  were  already  stored  for  each  propagation  by  SCIDNT,  but  all  non-state  outputs  were  made 
vectors  indexed  by  propagation  number. 

In  addition  to  modifying  the  combustor  simulation  to  account  for  “memory”  variables,  the 
SCIDNT  code  was  modified  to  use  the  fourth  order  Runge-Kutta  integration  routine  which  came 
in  the  simulation.  This  was  done  because  the  simulation  was  written  so  that  first  order  lag 
approximation  would  not  be  updated  during  intermediate  integration  time  steps  based  on  flags 
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from  this  integration  routine.  By  using  the  simulation  integration  routine,  this  work  was  not 
repeated  and  debugged  for  the  SC  ID  NT  integration  routine.  Also,  the  performance  of  the 
simulation  using  this  type  of  integration  and  the  corresponding  integration  step  site  were  known 
to  be  good. 

The  operation  of  the  combustor  simulation  was  verified  against  the  stand-alone  simulation 
which  was  mounted  and  tested  on  SCTs  VAX  11/785.  The  outputs  of  the  stand-alone  and 
SC  ID  NT  simulations  were  found  to  correspond  exactly.  SCIDNT  simulation  response  to  a 
20  Hz,  250  lb/in.2  amplitude  sinusoid  in  inlet  total  pressure,  with  inlet  total  temperature  and 
fuel  flow  fixed  at  1000‘R  and  2.78  lbm/sec  respectively  is  shown  in  Figure  15.  Comparison  of 
exit  total  temperature,  tT4,  between  the  stand-alone  and  SCIDNT  simulations  is  presented  in 
Figure  16.  The  outputs  overplot  each  other  exactly. 

3.  MOOEL  PARAMETERIZATION 

In  order  to  be  able  to  perform  identification,  the  model  of  interest  must  be  described  in  a  set 
of  constant  parameters  which  can  be  identified  from  test  data.  The  combustor  simulation  was 
written  so  that  most  combustor  dynamic  characteristics  are  computed  as  a  function  of  constant 
parameters  which  are  usable  in  parameter  estimation. 

The  choice  of  which  model  terms  to  make  the  candidates  for  parameter  estimation  is  made 
at  the  highest  level  based  on  the  purpose  of  the  model  and  a  knowledge  of  the  physics  of  the 
system.  In  this  program,  the  initial  choice  of  parameters  was  made  by  Pratt  &  Whitney  after 
consultation  with  SCT.  This  is  a  large  set  of  all  likely  parameters  of  interest. 

The  process  of  choosing  which  model  parameters  to  make  the  identified  parameters  in  the 
estimation  effort  is  discussed  in  Section  VH.4 a  of  this  report 

Many  parameters  which  comprise  a  dynamic  engine  simulation,  especially  one  formed  from 
test  data,  are  scheduled  or  stored  for  data  table  lookup.  (An  example  in  the  poststall  combustor 
model  is  the  ftiel  to  air  ratio  for  a  given  operating  condition.)  These  characteristics  must  be 
described  by  a  fitted  equation  in  constant  parameters  to  be  identifiable  through  parameter 
estimation.  Characteristics  of  this  type  would  probably  be  generated  from  combustor  rig  testing 
and  would  require  this  type  of  formulation  to  allow  identification. 

4.  COMBUSTOR  MOOES 

Based  on  experience  with  identification  of  poetstall  compressor  models  and  from  observed 
poststall  test  data,  the  discrete  modes  of  combustor  operation  have  been  separated  for  analysis. 
The  model  parameter  identifiabilities  have  been  evaluated  in  each  mode  of  operation  separately, 
assuming  that  the  combustor  could  be  tested  in  this  manner.  The  discrete  modes  of  operation 
are:  blown  out,  ignited  by  spark,  and  ignited  by  autoignition. 

The  change  of  operating  mode  in  the  combustor,  e.g.,  blowout,  has  very  dramatic  effects  on 
virtually  all  outputs.  This  is  very  similar  to  the  effect  of  stall  occurring  in  the  compressor.  SCT 
has  found  that  a  parameter  which  describes  a  discrete  and  dramatic  event  such  as  combustor 
blowout  or  compressor  stall  must  be  identified  after  the  parameters  which  describe  the 
continuous,  nominal  system  operation  are  identified.  This  is  because  a  small  error  in  a  parameter 
which  controls  the  discrete  change  can  create  very  large  output  errors.  If  the  outputs  are  very 
much  in  error,  the  partial  derivatives  used  for  parameter  estimation  will  be  in  error  and  the 
parameter  estimation  algorithm  mil  be  unable  to  converge  to  the  correct  parameter  values.  In 
addition,  if  there  is  any  significant  model  structure  error  in  the  equations  which  control  the 
discrete  mode  change,  the  true  parameter  values  for  each  mode  change  will  be  different.  The 
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parameter  estimation  algorithm  will  be  unable  to  hit  this  “moving  target,”  and  each  incorrect 
mode  change  will  disrupt  the  estimation  process  of  the  parameters. 
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Figure  IS.  —  Poststall  Combustor  Simulation  Outputs  for  20  Hz,  250  psia  Pn  Sinusoid 
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Figure  16.  —  Overplot  of  SCIDNT  and  Stand-Alone  Combustor  Simulation  TT4  Output 

The  poststall  combustor  model  parameters  which  affect  only  off  mode  change  equations  are 
few.  These  are  CSTAB,  a  constant  bias  term  in  th„  test  for  combustor  stability,  and  CIG,  CIGE, 
and  CIGC  constants  in  the  spark  ignition  criteria  equation. 


For  this  program,  it  was  assumed  that  the  combustor  could  be  tested  separately  in 
blownout,  ignited  by  spark,  and  ignited  by  autoignition  modes,  or,  alternately,  that  mode  could  be 
detected  through  use  of  an  UV  probe  and  then  fixed  in  the  model  to  match  test  data  during 
estimation.  All  parameters  but  those  listed  above  could  be  identified  in  the  appropriate  modes, 
and  then  the  “pie-tuned”  model  could  be  used  to  estimate  the  mode  change  parameters 
separately.  This  is  justifiable  because  no  error  in  the  mode  change  variables  will  bias  the 
remaining  parameter  estimates.  This  is  evident  if  no  mode  change  occurs  during  the  test,  but, 
even  if  a  mode  change  does  occur,  it  will  be  forced  in  the  model  at  the  same  time.  This  requires  a 
measurement  of  the  time  of  mode  change.  An  accuracy  requirement  for  this  measurement  is 
discussed  in  Section  VII.  It  is  important  to  realize,  however,  that  this  is  really  unnecessary  since 
estimation  of  all  but  the  mode  controling  parameters  can  be  done  without  a  mode  change 
occurring  during  testing. 


5.  PARAMETER  CLASSIFICATION 


One  further  subdivision  is  made  in  parameter  types  for  this  program.  This  is  to  divide  the 
non-mode  controlling  parameters  into  the  physical  combustor  parameters  such  as  volumes, 
areas,  and  reaction  times  and  into  sensor  model  parameters  such  as  sensor  bias,  scale  factor,  and 
time  constant  This  is  done  for  clarity  since  these  three  divisions  of  parameters  are  treated 
differently  in  the  test  evaluation  process.  A  summary  of  the  poststall  combustor  model  candidate 
parameter  set  division  is  presented  in  Table  3. 

A  comment  should  be  made  regarding  the  importance  of  modeling  the  sensors  used  in 
testing.  Sensors  are  subject  to  a  variety  of  errors  that  degrade  both  state  and  parameter 
estimation  accuracies.  Reference  35  presents  an  analytical  technique  to  determine  the  effect  of 
sensor  errors  on  estimation  accuracies.  Both  random  (e.g.,  additive  uncorrelated  noise  in 


41 


measurements)  and  systematic  (e.g.,  instrument  bias  or  scale  factor)  errors  are  treated.  One 
important  conclusion  is  that  systematic  errors  of  relatively  small  magnitude  in  comparison  with 
random  errors  can  cause  significant  parameter  estimation  bias.  If  such  systematic  errors  are 
unavoidable,  then  parameters  modeling  them  can  be  added  to  the  set  of  total  parameters  to  be 
estimated.  This  technique  can  reduce  overall  parameter  estimation  uncertainty.  For  this  reason, 
detailed  sensor  models  have  been  included  in  the  poststall  combustor  model. 


Sensor  lags,  particularly  in  temperature  probes,  are  an  inevitable  nuisance  in  parameter 
identification.  Unless  sensor  dynamics  are  explicitly  modeled,  the  error  between  estimated  and 
measured  combustor  response  will  hamper  identification  efforts.  The  type  of  sensor  model  used 
depends  on  the  measurement  dynamics  in  question.  First-order  lags,  scale,  and  bias  errors  are 
modeled  for  all  of  the  sensors  in  the  combustor  model  used  in  this  program. 


6.  SUMMARY 

This  program  required  several  procedural  extensions  to  accommodate  the  combustor  model 
in  the  system  identification  process.  The  topics  discussed  exemplify  those  procedures  required  to 
apply  SCIDNT  and  the  overall  system  identification  process  to  highly  complicated  nonlinear 
system  models.  These  modifications  also  require  a  very  good  understanding  of  the  parameter 
estimation  process  and  the  physics  and  model  structure  of  the  poststall  combustor  —  and 
therefore  close  teamwork  between  the  engine  modeling,  parameter  estimation,  and  testing 
personnel. 


42 


237QC 


SECTION  VII 


TEST  EVALUATION 


1.  INTRODUCTION 

In  this  chapter  the  method  of  test  evaluation  procedure  used  in  this  program  is  presented. 
The  final  result  of  the  procedure  is  a  specification  of  the  inputs,  sensor  accuracy,  and 
nonidentified  model  parameter  value  accuracy  required  in  order  to  identify  a  model  with  a  given 
accuracy  of  combustor  output  response  prediction.  In  summary, this  testing  is  of  value  with 
current  instrumentation  and  can  be  very  useful  if  modest  improvements  can  be  made  in  the  state 
of  the  art  of  combustor  instrumentation. 

2.  TEST  EVALUATION  PROCEDURE 

Given  a  model  of  a  physical  system  and  the  purpose  for  which  the  model  is  intended,  the 
test  evaluation  procedure  is  used  to  analyze  possible  testing  methods  and  to  evaluate  achievable 
model  output  accuracy.  Used  in  an  iterative  fashion,  the  procedure  can  specify  the  a  priori  model 
parameter  accuracy  and  sensor  calibration  required  to  achieve  desired  model  fidelity.  The  test 
evaluation  procedure  is  a  many  step  process  which  requires  a  good  deal  of  insight  into  the  physics 
of  the  system  and  the  practical  considerations  of  the  testing  procedure. 

In  this  program,  the  poststall  combustor  rig  under  consideration  does  not  actually  exist  at 
this  time.  Because  of  this  fact,  a  large  number  of  assumptions  have  been  required  as  to  possible 
inputs,  sensors,  sensor  quality,  etc.,  in  order  to  perform  this  test  evaluation.  Obviously,  all 
combinations  of  sensors,  inputs,  and  other  test  variables  could  not  be  analyzed  in  this  effort.  A 
select  set  of  most  probable  test  configurations  have  been  evaluated.  If  a  poststall  combustor  rig 
became  available  and  facility  capabilities  and  instrumentation  were  more  definite,  additional 
analysis  would  provide  more  specific  and  definite  prediction  of  testing  quality. 

The  test  evaluation  procedure  applied  in  this  program  is  shown  in  Figure  17.  The  evaluation 
is  begun  by  selecting  the  important  model  outputs.  Usually  a  parameter  identification  study  is 
undertaken  with  a  goal  of  increasing  model  fidelity  for  certain  model  outputs  of  interest  so  these 
outputs  are  predefined.  In  this  program,  the  goal  is  to  model  combustor  outputs  which  affect 
posts  tall  engine  operation,  so  the  outputs  of  interest  are  those  which  drive  the  upstream  and 
downstream  engine  components. 

The  next  step  was  to  define  the  discrete  modes  of  operation  of  the  combustor.  This 
was  done  as  an  initial  step  in  selecting  the  set  of  model  parameters  to  identify.  The  reasoning 
behind  this  mode  distinction  and  the  selection  of  the  candidate  model  parameters  is  discussed  in 
Section  VI.4  of  this  report.  The  result  was  a  set  of  candidate  model  parameters  from  which  a 
specific  subset  will  be  chosen  for  parameter  estimation.  A  distinction  is  made  between  the 
parameters  in  this  set  which  control  change  of  combustor  operating  mode  and  those  that  do  not. 
This  distinction  is  made  because  the  groups  of  parameters  will  be  identified  separately. 

Step  four  in  the  procedure  is  to  evaluate  the  inputs  to  the  combustor.  In  this  program, 
inputs  which  are  characteristic  of  engine  poststall  operation  and  realizable  in  rig  test  were 
provided  by  Pratt  &  Whitney.  SCT  evaluated  these  inputs  and  selected  those  best  suited  for 
parameter  estimation. 
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Figure  17. 


Combustor  Teat  Evaluation  Procedure 


The  next  stage  in  the  procedure  enters  an  iterative  evaluation  process.  The  a  priori  values 
of  the  model  parameter  values  and  sensor  characteristics  were  estimated.  Using  this  information, 
the  candidate  estimation  set  was  systematically  evaluated  to  determine  the  optimum  set  of 
parameters  to  identify. 

The  assumed  sensor  and  parameter  accuracies  were  then  used  to  determine  how  accurately 
the  optimum  set  of  parameters  could  be  estimated.  This  accuracy  was  then  used  to  evaluate  how 
accurately  the  identified  model  could  predict  the  desired  outputs.  Iteration  was  then  performed,  if 
necessary,  to  determine  how  much  better  the  sensor  set  and  knowledge  of  the  nonestimated 
parameter  values  needed  to  be  to  achieve  acceptable  model  output  accuracy. 

If  acceptable  model  fidelity  could  not  be  achieved  with  reasonable  sensor  and  model 
parameter  knowledge,  additional  sensors  were  added  to  the  sensor  set.  When  this  was  necessary 
or  if  an  alternate  sensor  set  was  to  be  investigated,  the  procedure  was  reentered  at  the  stage  of 
defining  the  sensor  accuracy  and  reoptimizing  the  split  between  identified  and  nonidentified 
parameters. 

3.  PARAMETER  AND  SENSOR  MAS  DETERMMATION 

In  order  to  perform  test  evaluation,  a  priori  estimates  of  model  parameter  accuracy  and 
sensor  quality  must  be  mads.  These  estimates  ate  used  to  select  the  parameters  to  identify  and  to 
begin  the  estimation  accuracy  iteration  which  produces  the  final  specification  of  required  sensor 
quality  and  parameter  bias  levels.  Pratt  4  Whitney  and  SCT  worked  together  to  identify  a 
reasonable  set  of  these  values,  representative  of  realisable  instrumentation  and  reflecting  current 
modeling  technique.  The  development  of  these  values  is  discussed  in  this  section. 

s.  Physical  Parameters 


Through  discussion  with  Pratt  4  Whitney,  allowable  bias  levels  were  estimated  for  the 
candidate  model  parameters.  The  bias  levels  are  tbs  probable  errors  in  the  model  parameters.  For 
example,  the  resistive  exit  area  is  18  in.2,  and  its  bias  is  estimated  to  be  ±1.8  in.2.  Parameters  for 
which  good  bias  estimates  were  not  available  wets  assumed  to  be  accurate  to  10  percent.  For 
example,  CTAU,  a  direct  bias  on  the  heat  release  time  constant  was  assumed  to  be  correct  to 
within  ±  10  percent  of  the  nominal  time  constant  value,  or  0.0006  second.  A  list  of  the  a  priori 
bias  level  estimates  for  the  model  physical  parameters  is  presented  in  Table  5. 

b.  Sensor  Model  Poremeter  Mesee 


The  overall  sensor  accuracies  were  estimated  by  Pratt  4  Whitney  test  engineers.  The 
sensor  inaccuracy  was  then  divided  evenly  among  the  sources  of  sensor  error.  The  sources  of 
sensor  error  were  modeled  as  shown  in  Equation  1. 

Pt*  -  AP3  x  P^  +  BP3  (41) 

where  Pt3m  “  the  measured  output,  PT3l  is  the  model  variable  after  a  first  order  lag  and  AP3  and 
BP3  are  scale  and  bias  factors.  The  throe  sources  of  sensor  error  are  then  the  scale,  bias,  and  lag 
time  constant  errors. 
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TABLE  5. 


A  PRIORI  PARAMETER  BIAS  ESTIMATES 


Parameter  Nome* 

Bias  Level  (±) 

FPHPT 

1.8 

AD  IFF 

7.0 

ALINR 

10.0 

VOL  36 

250.0 

VOL  4 

260.0 

CPROP 

0.1 

CIGDLY 

0.1 

CSTABE 

0.1 

C  ST  ABC 

0.1 

CTAU 

0.0006 

CTAUM 

0.1 

CEFFA 

4  X  10*6 

CEFFB 

4  X  10-4 

DELEFF 

2.0 

BOTIME 

0.001 

‘Parameter!  An  Deacribad  in  Table  3 

ZM1C 


As  an  example,  Pratt  &  Whitney  estimates  that  PT43,  the  difiuaer  total  pressure,  can  be 
measured  to  within  ±  1.5  psia.  Dividing  this  accuracy  between  three  error  sources  means  that 
each  can  contribute  ±  0.5  psia  error.  This  then  is  the  estimated  error  for  the  bias  factor  BP3. 
The  scale  factor  can  contribute  ±  0.5  psia  also,  so  if  P^  is  nominally  250  psia,  AP3  is  found  to  be 
0.002.  If  Ptc  is  a  50  Hz  signal,  a  50  msec  lag  time  constant  error  will  produce  ±  0.5  psia  error  in 
PT3j .  This  type  of  analysis  was  done  for  all  of  the  sensor  models.  The  biases  generated  are  shown 
in  Table  6. 

4.  ANALYSIS  TOOLS 

wfioomi^  mv  rWiiwivrw  vownny 

The  poetstall  combustor  model  used  in  this  program  is  fur  more  complicated  than  a 
standard  combustor  component  model.  The  combustor  simulation  contains  a  very  large  number 
of  physical  parameters  which  could  be  identified.  Selection  of  the  set  of  parameters  to  identify  is 
performed  on  two  levels  in  the  test  evaluation  procedure  as  shown  in  Figure  17.  A  number  of 
analysis  methods  drawn  from  the  theory  described  in  Section  IV.3  and  a  knowledge  of  combustor 
physics  allow  a  useful  set  of  identification  parameters  to  be  chosen.  This  section  describes  these 
methods  and  their  application  to  the  combustor  simulation. 
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TABLE  6. 


A  PRIORI  SENSOR  MODEL  BIAS  ESTIMATES 


Parameter  Name * _ Biot  Level  (±) 


AP3 

2  x  10'3 

BP3 

5  x  10'1 

TAUP3 

5  x  10‘& 

AP3S 

2  x  10-3 

BP35 

5  X  10_1 

TAUP35 

5  X  10-5 

AP4 

2  X  10-3 

BP4 

5  X  10-1 

TAUP4 

5  X  10-* 

AT3 

3  X  10-3 

BT3 

3.0 

TAUT3 

5  x  10“5 

AT35 

3  x  10“3 

BT35 

3.0 

TAU35 

5  X  10-5 

AT4 

3  x  10-3 

BT4 

3.0 

TAUT4 

5  x  10~5 

AWF 

2.5  X  10~! 

BWF 

7  X  10"2 

•PwineUn  Are  D— crib«d  in  Tsble  3 

auc 


The  first  stage  at  which  parameters  are  selected  is  in  choosing  a  set  of  candidate  parameters 
to  subject  to  the  quantitative  analysis  tools.  This  is  done  by  applying  available  knowledge  of  the 
physical  system.  Parameters  which  are  known  to  a  high  degree  of  certainty  are  not  included  in 
the  list  of  candidate  parameters  (e.g.,  accurately  measured  geometry,  gas  density).  Additionally, 
knowledge  of  the  phenomena  of  interest  can  be  used  to  select  all  parameters  known  to  be 
important.  This  step  is  aided  by  a  simple  sensitivity  analysis  where  parameters  are  perturbed  and 
the  model  propagated  so  that  a  qualitative  measure  of  the  parameters’  influence  is  found  (e.g., 
which  parameters  directly  affect  combustor  blowout).  The  goal  of  this  process  is  to  choose  a  large 
set  of  candidate  parameters  including  all  parameters  which  may  be  of  importance. 

In  this  program,  Pratt  &  Whitney  and  SCT  worked  together  to  select  the  set  of  candidate 
model  parameters  shown  on  Table  5. 


The  purpose  of  the  combustor  model  in  this  program  is  to  correctly  model  performance  in 
poststall  engine  operation.  Because  the  phenomena  of  interest  are  outputs  of  the  simulation,  an 
output  sensitivity  study  is  used  to  choose  the  optimal  parameter  set  to  be  identified.  Parameter 
selection  through  output  sensitivity  is  described  in  the  following  section. 

b.  Output  Sensitivity 

SC  ID  NT  identifies  selected  model  parameters  to  minimize  the  model  output  error.  The 
model  parameters  to  be  identified  are  chosen  so  as  to  maximize  the  fidelity  of  the  model  outputs 
of  interest  in  a  given  study.  This  section  describes  the  process  of  selecting  the  optimum  set  of 
parameters  to  be  identified.  A  computer  code  has  been  written  at  SCT  which  automates  the 
parameter-selection  process. 
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When  a  parameter  identification  study  is  undertaken,  there  is  usually  a  primary  goal  of 
increasing  model  fidelity  for  certain  model  outputs  of  interest  (e.g.,  output  flow,  component 
efficiency).  Therefore,  the  parameters  to  be  identified  are  chosen  to  minimize  error  in  a  weighted 
sum  of  these  outputs.  Specifically,  the  output  error  to  be  minimized  can  be  expressed  as 

A  yp««  ■  -fir A0  ”  ff  (42) 

where  0  is  a  vector  of  identified  parameters  and  <p  is  a  vector  of  nonidentified  parameters,  also 
known  as  nuisance  parameters.  If  too  many  parameters  are  identified,  the  overall  parameter 
identifiability  decreases,  and  AY  pnd  becomes  large  due  to  the  A6  term.  Conversely,  if  too  few 
parameters  are  selected  for  identification,  AYpwil  increases  due  to  the  biasing  effects  of  the  A<p 
(errors  in  important  parameters  which  are  not  identified).  An  optimal  choice  of  parameters  to  be 
identified  (set  of  0s  and  <ps)  will  minimise  the  output  error  due  to  the  parameter  estimate  errors 
and  the  errors  in  the  nonestimated  parameter  values. 

Selection  of  the  correct  parameter  set  is  a  very  difficult  step  in  the  identification  process 
and  one  which  is  very  difficult  to  perform  by  intuition.  For  instance,  parameters  which  have 
relatively  certain  values  and  do  not  directly  affect  the  outputs  of  interest  appear  to  be  likely 
candidates  for  nuisance  parameters  (cps)  but  may  in  fact  bias  the  parameter  estimates  and  so 
require  identification.  Since, 

A  0  -  M','  +  Mr,1  M,J  A  <p  (43) 

as  discussed  in  Section  V.3a,  a  nuisance  parameter  error  may  indirectly  affect  the  output  of 
interest  by  biasing  the  parameter  values  estimated. 

The  computer  code  developed  by  SCT  to  select  the  identified  parameters  requires  the  user 
to  define  a  priori  estimates  of  the  uncertainty  in  all  parameters  (A<p  values).  The  code  then  works 
through  all  combinations  of  0s  and  <pe,  evaluating  for  each  set  the  weighted  sum  of  model  output 
errors  defined  by  the  user  as  the  performance  parameter  (AYprad).  The  code  then  returns  the 
optimal  choice  of  0  parameters  to  minimize  uncertainty  for  the  outputs  selected  (subject  to  the 
weighting  and  Aq>  values  chosen). 

c.  Prediction  of  Estimation  Accuracy 

Once  the  set  of  parameters  to  be  identified  has  been  chosen,  the  task  is  to  determine  how 
accurately  those  parameters’  values  can  be  estimated.  Alternately,  the  task  is  to  determine 
through  iteration  how  good  the  sensors  and  knowledge  of  the  plant  must  be  in  order  for  the 
model  to  adequately  predict  combustor  response.  This  is  done  using  a  combination  of 
identifiability  and  sensitivity  analyses.  The  theoretical  basis  for,  and  generic  application  of,  these 
analysis  methods  are  described  in  Sections  V.3a  and  V.3b  of  this  report. 

As  described  in  Section  Y,  the  error  in  estimated  parameters  comes  from  two  sources.  The 
first  is  estimation  inaccuracy  due  to  sensor  noise;  the  second  is  estimation  bins  due  to  incorrect 
nuisance  parameter  values.  Given  an  estimate  of  the  sensor  quality  and  the  accuracy  of  model 
parameter  values,  estimation  accuracy,  can  be  predicted  prior  to  test.  Working  backwards  in  an 
iterative  fashion,  the  needed  sensor  set  and  nuisance  bias  levels  can  be  found  for  a  desired  level  of 
estimation  accuracy. 

In  this  program,  a  desired  model  output  accuracy  has  been  chosen  (i.e.,  5  percent  combined 
output  error  in  exit  total  temperature  and  flow,  TX4  and  W4).  From  the  output  sensitivity  matrix, 


the  estimated  parameter  accuracies  required  to  achieve  this  are  determined.  Working  backward 
from  these  values  in  the  identifiability/sensitivity  analysis,  a  possible  sensor  quality  and 
nuisance  bias  level  mix  is  found  to  meet  these  requirements. 


49 


SECTION  VIII 


TEST  EVALUATION  RESULTS 


1.  INTRODUCTION 

This  section  reports  on  the  results  of  the  63  test  evaluations  performed  in  this  program. 
The  result  of  each  evaluation  is  a  specification  of  sensor  quality  and  model  parameter  knowledge 
required  in  order  for  a  certain  fidelity  of  model  to  be  produced  through  testing  and  identification. 
Each  result  is  dependent  upon  the  sensor  set  evaluated,  the  input  used,  and  the  set  of  parameters 
chosen  for  identification.  In  addition,  there  are  an  infinite  number  of  tradeoffs  possible  between 
model  parameter  uncertainty  and  sensor  quality.  In  other  words,  for  a  given  input,  parameter, 
and  sensor  set,  if  the  model  is  known  better  the  sensors  can  be  worse.  Because  a  huge  volume  of 
output  has  been  generated  in  this  program,  this  section  will  describe  in  detail  the  evaluation  of 
one  input,  sensor,  parameter  set,  and  then  summarize  the  results  of  the  other  evaluations. 

There  are  two  extremes  of  possible  test  evaluation  results:  1)  If  the  plant  model  parameters 
are  completely  unknown,  then  testing  will  require  many  sensors  of  extreme  accuracy,  and  2)  If 
the  plant  model  is  completely  known,  then  testing  is  practically  unnecessary,  and  evaluations 
will  show  the  sensor  set  can  be  small  and  of  low  quality.  Reality  lies  somewhere  between  the  two 
extremes.  The  test  evaluation  results  follow  this  general  trend  but  provide  a  quantitative 
measure  of  just  how  good  the  model  knowledge  and  sensor  quality  must  be  to  achieve  required 
model  identification  accuracy. 

The  sensor  and  parameter  bias  levels  which  were  used  to  begin  the  evaluation  process  were 
chosen  to  be  reasonable  combustor  rig  instrumentation  and  model  parameter  uncertainties.  As 
iteration  toward  a  final  uncertainty  specification  progresses,  there  are  an  immense  number  of 
possible  combinations  of  bias  levels.  In  this  program,  a  very  large  number  of  these  possible 
combinations  have  been  evaluated.  While  details  vary,  valuable  generalizations  about  the  results 
can  be  made.  These  results  are  summarized  at  the  end  of  this  section. 

2.  PARAMETER  SEARCH  STRATEGY 

The  variable  terms  in  a  test  evaluation  include  combustor  operating  mode,  sensor  set, 
parameter  set,  sensor  noise  level,  and  sensor  and  nuisance  parameter  bias  levels.  In  order  to 
produce  meaningful  results,  a  logical  strategy  for  selecting  sets  of  these  variables  is  required.  The 
strategy  used  to  select  a  search  path  through  this  variable  space  is  described  in  this  section. 

As  described  in  Section  VI. 4,  the  combustor  operation  has  been  divided  into  three  modes: 
blowri-out,  lit  by  ignitor,  and  lit  by  autoignition.  The  normal  mode  of  operation  is  the  latter,  and 
effort  has  been  concentrated  on  this  mode  in  this  program.  In  the  blown-out  mode  the  combustor 
is  simply  flow  resistance  and  volume  and,  as  such,  is  a  subset  of  normal  operation.  The  lit  by 
ignition  case  is  important  because  it  allows  the  three  parameters  which  determine  if  the 
combustor  will  light  from  spark  to  be  identified.  However,  once  lit,  this  mode  is  identical  to  the 
autoignition  mode  in  terms  of  model  parameter  identifiability.  Analysis  of  all  modes  has  been 
performed;  however,  effort  has  concentrated  on  the  autoignition  mode  of  operation. 

The  strategy  us*d  to  choose  both  sensor  sets,  sensor  quality,  and  bias  levels  for  evaluation 
has  been  to  define  the  best  of  a  realizable,  probable  system  description  and  to  make  small 
excursions  from  this  system.  For  example,  the  sensor  set  defined  by  PAW  for  a  combustor  rig 
test  included  the  first  four  sensors  listed  in  Table  7.  This  was  the  nominal  sensor  set  from  which 
SCT  began.  Because  W3  may  not  be  measurable  in  the  reverse  direction,  the  set  of  sensors  2 
through  4  was  evaluated.  Also,  if  turbine  flow  were  measurable  and  a  choked  turbine  is  assumed. 
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a  measurement  of  W4  could  be  created.  Therefore,  a  sensor  set  including  all  of  the  sensors  in 
Table  7  was  evaluated. 


TABLE  7. 


SENSED  COMBUSTOR  OUTPUTS/INPUTS 


Output 

Description 

1. W, 

2.  P-ra* 

3.  PT4 

4.  TT4 

5.  W4 

Maw  Flowrate  Into  Outside  Linar 
Total  Praaaura  at  Buraar  Shroud 
Combustor  Total  Pressure 

Combustor  Total  Temperature 
Combuetor  Exit  Maaa  Flowrate 

Input 

1-  P*ra 

2-  T„ 

Diffuser  Total  Preasuie 

Diffueer  Total  Temperature 

Fuel  Maaa  Flowrate 

SMC 

k.  A 


f 


3.  EXAMPLE  TEST  EVALUATION 

This  section  presents  the  detailed  result  and  interpretation  of  one  test  evaluation  analysis. 
The  sensor  set  used  includes  sensors  1  through  S  on  Table  7.  The  input  is  a  250  psia  amplitude, 
20  Hz  sinusoid  in  diffuser  total  pressure  with  diffuser  total  temperature  and  fuel  mass  flowrate 
constant  at  1000‘R  and  2.78  lbm/sec  respectively.  (Sample  poststall  combustor  model  responses 
to  this  input  wen  presented  in  Figure  16.)  This  input  forces  the  combustor  to  blowout  and  relight 
repeatedly.  Figure  18  is  a  plot  of  P^  and  burner  condition  through  one  cycle  of  the  P^  input 
sinusoid.  A  burner  state  of  2  indicates  ignition  by  autoignition;  0  indicates  blowout.  Only  the 
output  data  when  burner  state  equate  2  is  used  for  this  evaluation. 


Time  *  sec 

FDA  331067 

Figure  18.  —  Burner  Ignition  State  and  Input  Pf3  for  Example  Caae 
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The  sensor  bias  and  parameter  bias  levels  used  for  this  evaluation  are  those  on  Tables  5  and 
6.  Note  that  a  number  of  these  bias  terms  need  not  be  considered  for  this  input.  TAUT3  is  not  of 
interest  since  the  Tj3  input  is  a  constant  value.  AT35,  BT35,  and  TAUT35  are  not  needed 
because  T^  is  not  a  measurement.  CPROP  and  CIGDLY  are  used  only  if  the  burner  ignites 
from  an  ignitor  spark,  which  it  does  not  for  this  input. 

The  important  outputs  of  this  model  were  selected  based  on  the  goal  of  predicting  poststall 
combustor  performance  as  it  influences  poststall  engine  operation.  Because  a  combustor  is 
normally  modeled  as  a  gas  temperature  rise  and  flow  resistance,  the  outputs  selected  as  measures 
of  model  performance  were  TT4  and  W4,  the  combustor  exit  temperature  and  flow.  Figure  19 
contains  the  output  sensitivity  matrix  for  all  outputs  with  respect  to  the  model  physical 
parameters.  The  matrix  is  not  normalized,  so  interpretation  requires  some  care.  Initial 
evaluation  of  Figure  19  indicates  that  the  parameters  FPHPT,  CTAU,  DELEFF,  and  BOTIME 
have  the  largest  influence  on  the  outputs  TT4  and  W4.  This  does  not  mean  that  these  are  the  best 
parameters  to  identity,  however.  As  discussed  in  Section  VII.4,  the  influences  of  the  sensor  noise 
and  nuisance  parameter  bias  must  be  considered  also. 

OUTPUT  SENSITIVITY  MATRIX  - 


Starting  at 

row  1  columns 

1  thru  6 

FPHPT 

ADIFF 

ALINR 

V0L35 

V0L4 

CSTABE 

W3 

1 .41700+00 

-3.06080-02 

-3.85940-02 

-2.22290-01 

-2.50150-01 

-2.57560-02 

PT35 

-3.04650-02 

1 .45280-02 

6.74060-04 

3.90300-03 

4.52610-03 

4.04680-04 

PT4 

-5.30280-02 

1.48030-02 

1.41700-02 

3.82290-03 

8.61480-03 

8.71940-04 

TT4 

-8.18550-01 

-9.78810-03 

1.62750-02 

-3.36080-03 

1.24560-01 

9.92950-03 

W4 

1.23980+00 

1 .93980-02 

7 . 1 3230-03 

5.33410-03 

-4.62830-02 

-3.50530-03 

r 

Starting  at  row  1  columns  7  thru  12 

CSTABC 

CTAU 

CTAUM 

CEFFA 

CEFF8 

0ELEFF 

W3 

-4.53160-04 

-3.55430+00 

-3.14770-02 

-7.61620-05 

8.76800-03 

-3.52060-01 

PT35 

7.88930-06 

4.56680-02 

4.87500-04 

3.12430-06 

-1.63490-04 

8.04000-03 

PT4 

1.79710-05 

1.04410-01 

1.06280-03 

5.10080-06 

-2.95980-04 

1.35890-02 

TT4 

1.73970-04 

1.35650+00 

1.11590-02 

1 .04080-04 

-1.84980-02 

9.09440-01 

W4 

-5.88300-05 

-4.59800-01 

-3.85870-03 

-4.14770-05 

8.10620-03 

-3.99160-01 

W3 

PT35 

PT4 

TT4 

W4 


Starting  at  row  1  columns  13  thru  13 

mm. 


-2.32760-01 

3.93230-03 

7.66900-03 

1.71020-01 

-6.66540-02 
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Figure  19. 


Output  Sensitivity  Matrix 


Estimation  parameters  are  selected  by  use  of  the  SCT  developed  code  PARSEL.  This  code 
evaluates  output  error  for  all  combinations  of  9s  and  <ps  to  determine  the  optimal  set  of 
parameters  to  identify.  This  is  a  very  large  task  which  is  well  suited  to  computer  automation.  In 
general,  if  very  few  parameters  are  estimated,  error  will  be  high  due  to  the  bias  effects. 
Conversely,  if  too  many  parameters  are  estimated,  insufficient  information  will  be  available  from 
the  sensors  and  errors  will  again  be  large.  A  typical  plot  of  the  output  performance  index  versus 


the  number  of  parameters  estimated  as  determined  by  the  PARSEL  code  for  this  program  is 
shown  in  Figure  20. 


Performance 

Index 


1 


FDA  331059 

Figure  20.  —  Typical  Plot  of  Output  Error  Vs  Number  of  Estimation  Parameters 

a.  Parameter  Selection  Output 

The  parameter  selection  code  was  run  for  this  case  to  determine  the  optimum  mix  of  6s  and 
<ps.  The  program  output  is  included  in  Appendix  C  of  this  report.  The  first  output  page  lists  the  a 
priori  uncertainty  and  bias  levels  used  for  all  parameters.  If  any  parameters  are  declared  to 
always  be  nuisance  terms,  they  are  listed  with  their  bias  levels,  as  are  the  measurements  and 
their  assumed  noise  levels.  For  this  run,  CTAU  and  CTUAM  are  defined  to  be  nuisance 
parameters. 

The  second  page  describes  the  performance  index  to  be  evaluated  and  minimized.  The 
description  lists  J,  the  performance  index,  as  a  sum  of  terms,  while  in  fact  it  is  a  root  sum  square 
of  the  terms  listed. 

Page  3  is  the  start  of  the  actual  code  output.  The  code  examines  all  combinations  of  N 
parameters  where  N  goes  from  1  to  a  user  specified  limit.  For  example,  page  three  describes  the 
three  best  sets  of  7  parameters  to  identify.  The  code  has  formed,  evaluated,  and  ordered  all 
possible  combinations  and  lists  the  p  best  sets,  where  p  is  specified  by  the  user. 

In  this  case,  page  3  shows  that,  if  only  one  parameter  is  identified,  the  best  is  parameter  1, 
FPHPT.  Only  slightly  worse,  the  second  choice  is  41,  DELEFF.  The  root  sum  square  of  the 
estimation  and  bias  error  terms  for  estimated  FPHPT  is  349.22  while  for  DELEFF  is  360.48.  For 
each,  the  nuisance  parameter  set  is  listed. 

The  PARSEL  code  output  continues  in  this  manner  for  the  best  three  combinations  of  two 
estimated  parameters  up  to  the  best  three  sets  of  five  parameters.  The  best  set  of  parameters  to 
identify  is  that  which  minimizes  the  performance  index  overall.  Figure  21  is  a  plot  of  the  lowest 
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The  parameter  estimation  accuracy  is  evaluated  through  the  use  of  an  SCT  developed 
computer  code  called  SENSIT.  This  code  evaluates  the  parameter  estimation  error  for  a  given  set 
of  sensor  noise  levels  and  nuisance  parameter  biases.  These  two  error  sources  are  termed 
parameter  identifiability  and  sensitivity.  The  theory  used  to  evaluate  these  is  presented 
separately  in  Sections  V.3a  and  V.3b  of  this  report. 

The  parameter  estimation  accuracy  predicted  by  SENSIT  will  produce  an  error  in  the 
model  outputs.  The  output  error  is  computed  by  multiplying  the  output  sensitivity  matrix  with 
the  predicted  parameter  estimation  errors.  If  the  resulting  output  errors  are  within  acceptable 
limits,  then  the  sensor  quality  and  bias  levels  assumed  will  produce  sufficiently  good  test  and 
estimation  results,  which  in  turn  translate  into  the  required  quality  of  model. 

(1)  SENSIT  Output  DiscuSMion 

Appendix  D  contains  the  SENSIT  output  for  the  first  estimation  accuracy  iteration  in  the 
example  test  evaluation.  This  run  evaluates  the  estimation  accuracy  which  can  be  achieved  with 
the  a  priori  sensor  set  and  model  knowledge.  The  first  page  lists  all  of  the  parameters  for  which 
sensitivity  data  were  generated  and  the  nominal  parameter  values  to  be  used  in  normalization. 
Also,  the  measurements  used  when  the  sensitivity  data  were  generated  are  listed. 

The  second  page  presents  the  estimation  parameter  set  and  corresponding  a  priori 
uncertainty,  the  nuisance  parameter  set,  and  the  measurement  set  to  be  evaluated  with  the 
assumed  measurement  noise  levels.  In  this  output,  pages  3  and  4  contain  optional  output  of  the 
Mn  and  M,2  portions  of  the  information  matrix  and  the  bias  matrix.  (A  detailed  description  of 
these  matrices  is  presented  in  Section  V.)  Page  5  of  the  SENSIT  output  contains  the 
measurement  contributions  to  the  second  derivative  of  the  cost  function.  This  matrix  shows 
which  measurements  are  important  in  the  identification  of  the  various  parameters.  For  example, 
only  Y04  and  Y05  which  are  TT4  and  W4  provide  information  about  AT4,  BT4,  and  TAUT4,  the 
sensor  model  parameters  for  the  tT4  measurement.  This  is  quite  logical  since  these  parameters 
directly  scale  the  TT4  measurement  which  is  in  turn  used  to  compute  W4.  Similarly,  AP4  and 
BP4  are  only  reflected  in  the  PT4  and  W4  measurements.  The  reasoning  here  is  identical.  From 
these  values,  it  can  also  be  seen  that  the  flow  measurements  are  very  important  for  the 
estimation  of  all  parameters.  The  next  most  critical  measurement  is  the  exit  temperature, 
followed  by  the  pressures.  Note  that  for  estimation  of  the  combustor  efficiency  bias,  the 
temperature  measurement  provides  more  information  than  the  flow  measurements. 

The  final  page  of  the  output  contains  the  run  summary  information.  Each  parameter  in  the 
estimation  set  is  presented  along  with  the  computed  standard  estimation  errors  and  estimation 
bias  errors.  In  this  case,  the  estimation  bias  on  the  second  and  third  parameters,  AD  IFF  and 
VOL  36,  are  exceedingly  large.  The  two  error  values  for  each  parameter  are  combined  and 
multiplied  by  the  output  sensitivity  matrix  described  in  Section  VIII.3.  This  gives  the  output 
error  created  by  the  estimation  error,  if  too  large  iteration  or  sensor  quality  and  bias  levels  are 
required.  For  this  run,  it  is  evident  from  the  bias  errors  in  AD  IFF  and  VOL  35  and  the  output 
sensitivity  matrix  of  Table  8  that  iteration  is  required. 

The  nuisance  bias  values  to  use  for  the  next  iteration  are  a  function  of  how  the  investigator 
has  chosen  to  search  the  sensor/bias  space.  In  this  case,  the  goal  is  to  minimize  excursions  from 
the  a  priori  estimates  which  reflect  current  rig  test  capabilities  and  modeling  confidence. 
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TABLE  8. 


SUMMARY  OF  PARAMETER  SELECTION  RUNS 


Run 

No. 

Combustor 

Mode 

Sensor 

Set 

Noise 

Level 

Bias 

Level 

Optimum 

Estimation 

Set 

1 

2 

5 

Nob 

Nob 

1.4.41 

2 

2 

5 

Low 

Nob 

1.2.4.41 

3 

2 

5 

Nob 

Low 

4 

4 

2 

5 

Low 

Low 

4 

5 

2 

5 

Nob 

High 

1.4.41 

6 

2 

5 

Low 

High 

1.2,4,41 

7 

2 

4 

Nob 

Nob 

1.41 

8 

2 

4 

Low 

Nob 

1.41 

9 

2 

4 

Nob 

Low 

4 

10 

2 

4 

Low 

Low 

4 

11 

2 

4 

Nob 

High 

1.41 

12 

2 

4 

Low 

High 

1.3.41 

13 

2 

3 

Nob 

Nob 

41 

14 

2 

3 

Low 

Nob 

1.41 

15 

2 

3 

Nob 

High 

U 

16 

2 

3 

Low 

High 

1.3 

17 

1 

5 

Nob 

Nob 

1 

18 

1 

4 

Nob 

Nob 

1 

19 

1 

3 

Nob 

Nob 

1 

20 

0 

5 

Nob 

Nob 

1 

21 

0 

4 

Nob 

Nob 

1 

22 

0 

3 

Nob 

Nob 

1 

one 


From  the  bias  matrix  on  pages  3  nd  4,  the  biases  which  have  the  largest  effect  on  each 
parameter  estimation  bias  can  be  determined.  Lowering  each  of  these  parameters’  bias  levels 
slightly  forms  a  first  iteration.  The  bias  level  assumed  must  be  included  in  this  process.  If  the 
bias  matrix  has  a  large  entry  corresponding  to  a  nuisance  parameter  but  its  bias  level  is  small, 
obviously  this  parameter  is  not  a  large  contributor  to  the  estimation  bias. 

The  nuisance  bias  levels  assumed  for  the  run  are  listed  on  the  final  page  of  the  SENSIT 
output. 

Iteration  on  the  bias  terms  continues  in  the  above  manner  until  acceptable  output  error 
levels  are  achieved.  In  Appendices  D  and  E,  an  intermediate  ran  and  the  final  SENSIT  run  for 
this  evaluation  are  presented.  The  final  ran  estimation  errors  result  in  errors  of  3.62  percent  in 
Tt4  and  1.39  percent  in  W4.  These  levels  are  considered  to  be  good  enough.  (For  this  study,  a 
combined  error  of  5  percent  was  an  arbitrarily  assumed  acceptable  output  error  limit.) 

The  acceptable  nuisance  bias  levels  found  for  this  case  are  small  but  achievable.  The  sensor 
models  must  be  known  very  well,  particularly  sensor  time  constants  and  any  scale  factors.  This 
result  comes  as  no  surprise,  since  these  terms  have  a  very  large  effect  on  the  outputs.  The 
required  model  physical  parameter  biases  range  from  0.1  percent  to  3  percent  of  the  nominal 
values.  These  levels  can  certainly  be  achieved  for  the  physically  measurable  parameters  such  as 
the  combustor  volumes. 

The  final  bias  (or  uncertainty)  levels  found  for  the  nuisance  parameters  in  this  example  are 
only  one  of  many  possible  sets  which  will  produce  an  acceptable  level  of  output  error.  Many  more 
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performance  function  for  each  page  of  output  (best  sets  of  N  parameters).  The  result  for  this  case 
is  that  the  best  set  of  3  parameters  is  optimal;  however;  the  best  sets  of  2  and  4  parameters  are 
not  significantly  worse. 


Cost  Function 


Figure  21.  —  Output  Cost  Function  Vs  Number  of  Estimated  Parameters 


The  PARSEL  output  shows  that  the  optimal  set  contains  parameters  1, 4,  and  41.  However, 
the  second  and  third  best  sets  of  three  are  nearly  equal  to  the  first  choice.  If  the  best  three  sets 
for  each  number  of  parameters  are  examined,  it  can  be  seen  that  the  difference  between  the  three 
best  sets  is  always  the  exchange  of  one  variable.  For  example,  the  difference  between  the  first  and 
second  best  set  of  five  parameters  is  whether  parameter  4  or  5  is  estimated.  The  cost  function 
values  for  these  sets  are  nearly  equal.  This  shows  that  parameters  4  and  5  have  a  significant 
effect  on  the  system.  However,  the  two  are  not  identifiable  at  the  same  time.  This  indicates  that 
parameters  4  and  5  probably  have  the  same  effect  on  the  system.  This  is  quite  logical  since  these 
parameters  are  the  two  volumes  of  the  combustor. 

The  other  parameters  selected  for  estimation  are  the  resistive  area  at  the  exit  and 
DELEFF,  a  bias  on  combustor  efficiency.  These  are  quite  logical  since  the  outputs  in  which  error 
is  to  be  minimized  are  exit  flow  and  exit  total  temperature.  If  a  fourth  parameter  is  added  to  the 
estimation  set,the  PARSEL  code  indicates  that  it  should  be  the  inlet  resistive  area,  ADIFF. 

This  output  shows  that  for  the  assumed  sensor  set  and  bias  levels  there  are  a  few  sets  of 
estimate  parameters  which  will  yield  approximately  the  same  result  in  terms  of  model  fidelity  in 
the  selected  outputs.  For  this  example,  we  will  examine  the  set  containing  parameter  numbers  1, 
2,  4,  and  41. 

b.  Estimation  Accuracy 

Once  the  estimation  set  has  been  chosen,  an  estimate  of  the  achievable  identification 
accuracy  for  this  set  is  produced.  More  importantly,  a  specification  of  the  sensor  quality  and 
plant  model  knowledge  required  to  achieve  a  desired  fidelity  of  identified  model  can  be  produced. 


iterations  must  be  made,  studying  tradeoffs  between  various  parameter  bias  levels.  This  process 
is  performed  repeatedly  for  various  sensor  sets,  estimation  sets,  and  combustor  operating  modes 
to  complete  the  test  evaluation  process. 

4.  SUMMARY  OF  EVALUATIONS 

This  section  describes  the  test  evaluations  that  were  performed  in  this  program.  The 
parameter  selection  analyses  made  are  summarized  in  Table  9.  The  sensor  set  numbers 
correspond  to  the  number  of  sensors  used  in  the  analysis;  the  specific  sensors  are  described  in 
Section  VIII.2.  Standard  noise  and  bias  levels  were  defined.  These  are  described  as  High,  Low,  or 
Nominal,  where  high  is  twice  the  nominal  and  low  is  one  half  of  nominal  bias  levels  defined  in 
Tables  5  and  6. 


TABLE  9. 

SUMMARY  OF  TEST  EVALUATIONS 


Evaluation 

Set  No. 

Combustor 

Mode 

Sensor 

Set 

Noise 

Level 

Estimation 

Set 

Approximate  No. 
of  SENS  IT 
Estimation  Accuracy 
Evaluations 

1 

2 

S 

Nom 

1.4.41 

4 

2 

2 

5 

Nom 

1.2.4.41 

11 

3 

2 

4 

Nom 

1.2.4.41 

4 

4 

2 

4 

Nom 

1.41 

5 

5 

2 

4 

Nom 

1.41 

4 

6 

2 

4 

Nom 

1.3.41 

6 

7 

2 

3 

Nom 

1,2.4,41 

1 

8 

2 

3 

Nom 

1.41 

5 

9 

2 

3 

Low 

1.3 

2 

10 

1 

4 

Nom 

1 

3 

11 

0 

4 

Nom 

1 

3 

mic 


Table  9  reflects  the  general  trends  which  are  expected  in  parameter  selection:  when  sensor 
noise  is  low,  more  parameters  may  be  identified  because  more  information  is  available  about  the 
system.  Similarly,  when  fewer  sensors  are  available,  fewer  model  parameters  can  be  identified. 
When  bias  levels  are  high  (the  model  is  less  certain),  more  parameters  are  identified  to  minimize 
bias  errors. 

The  parameters  which  have  been  selected  as  the  optimal  estimation  sets  are  consistent  and 
logical.  When  the  five  measurements:  W3,  P^,  PT4,  TT4,  and  W4  are  available,  the  largest 
estimation  set  contains  parameters  1,  2,  4,  and  41,  the  exit  resistive  area,  inlet  resistive  area, 
outer  case  volume,  and  efficiency  bias  respectively.  Physical  intuition  supports  this  set  as  those 
most  likely  to  minimize  errors  in  exit  flow  and  temperature.  As  was  discussed  in  Section  VIII.3.a, 
the  volumes  of  the  combustor  are  both  important  parameters;  however,  because  they  have  the 
same  effects  on  the  available  measurements,  they  cannot  be  identified  at  the  same  time. 

If  exit  flow  is  dropped  from  the  measurement  set,  less  information  is  available  for 
estimation.  Table  9  indicates  that,  with  nominal  bias  levels,  the  inlet  resistive  area  and  outer  case 
volume  should  be  dropped  from  the  estimation  set.  If  model  confidence  is  high  (low  bias),  then 
the  volume  is  the  only  parameter  to  be  identified. 

If  both  of  the  flow  measurements  are  dropped,  no  volumes  are  selected  for  estimation,  and 
parameter  3,  the  burner  liner  loss,  appears  in  the  estimation  sets.  This  is  physically 
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understandable  since  the  remaining  sensors  (the  combustor  pressure  and  temperature  and  the 
pressure  at  the  burner  shroud)  are  in  the  center  of  the  combustor,  so  parameters  which  can  best 
be  identified  are  in  this  area,  directly  driving  these  measurements.  For  example,  the  inlet 
resistive  area  a  priori  value  is  more  accurate  than  the  area  can  be  identified  with  these 
measurements,  so  to  minimize  model  error,  this  area  is  not  estimated.  The  parameters  which  are 
estimated  are  the  exit  resistive  area,  delta  efficiency,  and  liner  loss. 

From  the  results  of  the  parameter  selection  analyses,  test  evaluation  sets  were  formed.  The 
test  evaluation  sets  are  the  sensors,  noise  levels,  and  estimation  sets  to  be  carefully  analyzed  in 
the  estimation  accuracy  analyses.  The  evaluation  sets  formed  and  processed  in  this  program  are 
listed  on  Table  10,  along  with  the  approximate  number  of  estimation  accuracy  iterations  which 
were  performed  for  each. 


TABLE  10. 

ESTIMATION  ERROR  VARIATION  WITH  MEASUREMENT  NOISE 


Percent  Increase  in 

Estimation  Error 

Parameter 

FPHPT 

ADIFF 

VOL  35 

DELEFF 

10  Percent  Noise  Increase 
in  Measurement 

Wj  and  W4 

8.39 

7.12 

8.98 

4.93 

PT»  and  PT4 

0.13 

1.82 

0.21 

0.19 

tT4 

1.47 

0.50 

0.61 

5.18 

auc 


a.  Generalization  of  Evaluation  Results 

In  this  section,  selected  results  from  the  broad  range  of  test  evaluations  are  presented. 

•  Combustor  identification  must  be  performed  in  two  stages.  In  the  first  stage 
the  combustor  operating  mode  (e.g.,  blown  out,  lit)  is  fixed  in  the  model  and 
parameters  affecting  gross  transient  behavior  are  identified.  In  the  second 
stage  the  mode  change  functions  are  identified.  This  program  has  addressed 
Stage  1. 

•  Parameters  which  affect  the  stability  functions  are  very 
important  in  that  they  drastically  effect  the  combustor 
transient,  however  their  effect  is  limited  to  a  very  small 
portion  of  the  total  transient  time.  From  a  practical  point  of 
view  the  parameters  are  divided  into  those  which  control  and 
do  not  control  mode  change  based  on  frequency  separation. 

•  The  important  combustor  model  parameters  which  are  only 
identifiable  during  combustor  mode  transition  are  the  time 
constants  in  the  stability  equation  and  the  coefficients  in  the 
combustor  efficiency  correlation  equation. 

•  Change  of  combustor  operating  mode  (e.g.,  blowout)  must  be  measurable  in 
order  to  perform  accurate  parameter  estimation. 
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•  If  identification  must  be  performed  using  data  from  a 
transient  during  which  the  combustor  mode  changes,  the 
mode  change  must  be  forced  in  the  model  so  that  model  and 
data  are  consistent. 

•  If  operating  mode  is  sensed  and  forced  in  the  model,  the  time 
of  mode  change  must  be  sensed  to  within  ±0.001  sec. 

•  Efficiency  is  a  very  important  term  in  combustor  models.  The  delta 
combustor  efficiency  used  in  this  program  is  indistinguishable  from  the  heat 
value  of  fuel  in  steady  state,  but  is  separable  from  transient  data.  The 
importance  of  DELEFF  identified  simply  means  that  efficiency  must  be 
computed  very  accurately. 

•  Overall  combustor  efficiency  was  found  to  be  very  important  while  the 
coefficients  of  the  combustor  efficiency  correlation  equation  were  not.  This  is 
due  to  the  very  brief  drop  in  efficiency  prior  to  blowout.  As  shown  in 
Figure  22,  the  combustor  efficiency  is  virtually  constant  until  blowout.  Since 
the  efficiency  correlation  coefficients  contribute  almost  nothing  to  the  overall 
efficiency  value  until  blowout  (and  then  the  terms  a ire  relatively  small),  the 
coefficients  were  not  of  primary  importance  in  predicting  transient  behavior 
which  has  few  or  no  mode  changes. 

•  Estimation  accuracy  decreases  rapidly  if  flow  measurements  are  not  available, 
however  acceptable  results  can  still  be  obtained  using  only  pressure  and 
temperature  probes. 

•  If  sensors  which  measure  W«,  P^g,  PT4,  TT4>  and  W4are 
available  and  the  RMS  noise  levels  on  these  sensors  are  0.5, 

1.5,  1.5,  10.0,  and  0.5  respectively,  then  four  model  parame¬ 
ters  can  be  successfully  identified.  The  optimal  set  of  these  to 
minimise  model  error  in  outputs  TT4  and  W4  is  FPHPT, 

AD  IFF,  VOL  35,  and  DELEFF.  (Ones  this  identification  has 
been  performed,  other  important  parameters  such  as  VOL  4 
can  be  substituted  into  the  estimation  set,  based  on  the 
knowledge  that  certain  parameters  such  as  VOL  4  and 
VOL  35  cannot  be  identified  at  the  same  time.)  To  perform 
this  identification,  the  model  nuisance  parameters  must  be 
known  within  an  average  of  6  percent  of  their  true  values. 
Additionally,  any  sensor  scale  factors  must  be  known  to 
within  ±4  x  10~3  of  their  true  values,  on  tbs  average.  Sensor 
bias  errors  must  be  below  ±  1/2  percent  on  the  average,  and 
sensor  time  constants  must  be  known  with  ±  1/4  percent  of 
their  true  values,  on  the  average. 

•  If  the  senior  noise  end  bias  levels  reported  in  Appendix  E 
(which  meet  the  above  requirements)  are  uaed  to  estimate 
FPHPT,  AD  IFF,  VOL  35,  and  DELEFF,  the  resulting  output 
accuracy  is  3.62  percent  error  in  TT4  end  1.39  percent  in  W4. 

•  If  the  above  noise  and  bias  levels  are  used  to  identify  the  same 
four  parameters  but  only  tbs  W5,  P^,  PT4,  and  TT4 
measurements  an  available,  the  achievable  output  accuracy  is 
4.21  percent  error  in  TT4  and  2.23  percent  error  in  W4.  This 
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error  results  from  a  44.7  percent  average  increase  in  the 
parameter  estimation  errors. 

•  If  the  above  noise  and  bias  levels  are  used  to  identify  the  same 
four  parameters  but  only  the  P-^,  PT4  and  TT4  measure¬ 
ments  are  available,  the  achievable  output  accuracy  is 
5.97  percent  error  in  TT4  and  4.16  percent  error  in  W4.  This 
error  results  from  a  76.5  percent  average  increase  in  the 
parameter  estimation  errors. 

•  If  a  W4  sensor  is  not  available,  with  the  nominal  sensor  and  model 
uncertainties,  the  optimal  set  of  three  estimation  parameters  is  FPHPT, 
ALINR,  and  DELEFT.  Similarly,  if  the  W3  sensor  is  not  present  in  the 
measurement  set,  only  two  parameters  should  be  identified,  the  optimal  set  of 
which  is  FPHPT  and  DELEFF. 

•  Measurement  noise  is  not  the  major  cause  of  estimation  error.  Systematic 
measurement  errors  such  as  sensor  biases  re  much  more  significant  sources  of 
estimation  error  than  is  measurement  noise. 

•  Estimation  accuracy  variation  with  sensor  noise.  Using  the 
nominal  sensor  and  parameter  bias  values,  estimation  accura¬ 
cy  of  parameters  1,  2,  4,  and  41  has  been  evaluated  for  a 
10  percent  increase  in  sensor  noises  levels.  Table  10  summa¬ 
rizes  these  evaluations.  It  is  evident  that  flow  measurements 
are  very  important,  particularly  in  estimation  of  the  volume. 

The  temperature  measurement  is  the  second  most  important 
and  is  particularly  valuable  in  the  estimation  of  combustor 
efficiency.  The  estimated  combustor  measurement  noise 
levels  have  been  shown  to  be  acceptable,  and  Table  10 
indicates  that  estimation  accuracy  is  not  overly  sensitive  to 
random  measurement  noise.  Obviously,  measurement  noise 
should  be  minimized,  particularly  in  the  flow  measurements; 
but,  in  comparison  to  systematic  errors  such  as  sensor  bias 
and  scale,  measurement  noise  is  not  a  critical  source  of 
estimation  error  for  poststall  combustor  model  identification. 

•  Inputs  which  represent  poststall  engine  behavior  and  drive  the  combustor 
into  its  operating  modes  are  sufficient  for  initial  parameter  estimation  efforts. 
Specifically,  inputs  which  are  characteristic  of  engine  surge  sufficiently  excite 
all  modeled  combustor  dynamics. 

•  Estimation  results  are  dependent  upon  the  operating  point  where  estimation 
is  performed,  and  limited  by  the  model  structure  used.  For  example,  if  a 
combustor  characteristic  is  strongly  correlated  with  flow,  however  this 
dependency  is  unmodeled,  estimation  results  will  vary  significantly  with 
operating  point,  and  cannot  explicitly  reflect  the  flow  dependence. 
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SECTION  IX 


TEST  METHODOLOGY 


The  data  reduction  will  consist  primarily  of  processing  and  compiling  data  into  tabular, 
graphical,  and  video  form  for  eventual  comparison  to  model  predictions.  However,  some 
intermediate  computations  will  be  required  to  determine  pressure  losses  and  combustion 
efficiency. 

Combustion  system  percent  pressure  losses  will  be  calculated  in  the  usual  manner  for  the 
system  (diffuser  inlet  to  combustor  exit),  combustor  dome,  and  combustor  liner 

APta.  ■  Pup  p  P<to"  x  100  (44) 


Upstream  pressure  (P^)  and  downstream  pressure  (Pjo*,,)  will  be  defined  according  to  the 
normal  flow  direction. 


A  temperature-based  combustion  efficiency  will  be  calculated  from  the  data  using  the 
following  equation: 


T1 


AT. 

ATI 


(45) 


The  actual  temperature  rise  can  be  calculated  from  the  diffuser  inlet  temperature  and  either 
a  measured  or  a  calculated  combustor  exit  temperature.  The  measured  combustor  exit 
temperature  will  be  determined  using  the  combustor  exit  temperature  instrumentation.  The 
calculated  exit  temperature  will  be  based  on  the  choked  flow  conditions  at  the  simulated  turbine 
using  the  flow  parameter  (FP).  Flow  parameter  is  defined  as: 

FP  "  Wiy  ~  f(Mn»  y)  (46) 


Since  Mach  number,  flowrate,  pressure,  and  flow  area  will  be  known  at  the  choke  plane, 
this  equation  can  be  solved  iteratively  for  temperature  and  gamma. 


62 


2J73C 


SECTION  X 


'  <  V 


K— # 


u 


SUMMARY  AND  FUTURE  EFFORTS 

1.  SUMMARY 

A  lumped-parameter  computer  model  for  combustor  transient  behavior  during  compressor 
stall  events  has  been  described  Recent  improvements  to  the  model  include  a  characteristic  time 
approach  to  stability,  the  addition  of  spark  ignition  and  flame  propagation,  droplet  size 
calculation,  and  the  division  of  the  combustor  into  primary  and  secondary  zones.  This  model  has 
undergone  a  type  of  analysis  called  Systems  Identification,  which  has  subjected  the  model  to 
various  transient  boundary  conditions  that  highlight  the  input  parameters  which  most  affect  the 
model’s  calculated  results.  Those  parameters  are:  prediffuser  exit  area,  combustor  volume,  liner 
flow  area,  combustion  efficiency,  and  turbine  inlet  flow  parameter.  Systems  Identification  also 
specifies  the  accuracy  of  pressure  and  temperature  data,  from  transient  combustion  experiments, 
needed  to  improve  the  model’s  accuracy.  Finally,  this  report  reviews  a  transient  combustion 
facility  being  built  at  United  Technologies  Research  Center  (UTRC)  and  scheduled  to  become 
operational  in  early  1987. 

2.  FUTURE  EFFORTS  (NONCONTRACTUAL) 

In  the  fourth  quarter  of  1987,  testing  of  a  four-nozzle  combustor  sector,  currently  under 
construction,  will  begin  at  the  new  UTRC  facility.  Data  from  these  transient  combustion  tests 
will  be  used  to  validate  and  upgrade  the  computer  model  Eventually,  the  model  will  be 
incorporated  into  the  design  system,  allowing  combustors  to  be  designed  for  stall  recovery  along 
with  the  more  traditional  features  of  operability,  pattern  factor,  and  combustion  efficiency.  The 
model  will  also  be  absorbed  into  the  engine  simulation  computer  program,  complementing  the 
existing  compressor  stall  model,  and  increasing  the  realism  with  which  engine  cycles  are 
calculated. 
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43  TT3  1000.000  1000.000  1000.000  1000.000  1000.000  1000.000  1000.000 

44  TTSS  1443.338  1435.299  1924.584  1917.880  1909.184  1900.487  1891.820 

45  TT4  2349.715  2338.244  2325.841  2313.391  2300.944  2288.529  2274.104 

44  U35  332.3108  330.9340  329.4458  327.9573  324.4707  324.9832  323.5010 

47  N3  185.3037  184.9130  184.4847  164.0545  183.4198  183.1745  182.7304 


£  ■ 


'!  » 

,  ‘ 
** 

«  * 


44  TTS5  1883.152  1874.506  1865.858  1857.212  1848.597  1839.981  1831.363 

45  TT4  2263.688  2251.273  2238.859  2226.449  2214.040  2201.636  2189.225 

46  1135  322.0188  320.5405  319.0615  317.5830  316.1101  314.6367  313.1631 

47  M3  182.2735  161.8166  181.3526  180.6794  160.4062  179.9234  179.4360 

48  M35  238.1315  238.5017  238.8735  239.2478  239.6215  239.9960  240.3721 


I  o 

I 


9 

*1 

fv 

M 

H 

*1 

9 

If) 

M 

pH 

pH 

pH 

9 

9 

o 

o 

fv 

9 

K) 

o 

O 

O 

*1 

If) 

9 

fv 

pH 

if) 

O 

fv 

rv 

9 

O 

9 

*i 

O 

• 

If) 

pH 

9 

If) 

o 

M 

M 

*) 

M 

o 

o 

If) 

M 

fv 

o 

9 

9 

9 

M 

fv 

9 

M 

*1 

o 

pH 

if) 

*) 

O 

9 

9 

*1 

9 

*1 

9 

9 

O 

*) 

If) 

If) 

M 

pH 

o 

o 

o 

9 

9 

*i 

o 

9 

9 

*) 

<M 

If) 

M 

N. 

M 

O 

9 

9 

O 

o 

9 

M 

O 

O 

9 

O 

fv 

9 

O 

If) 

pH 

9 

4 

If) 

9 

9 

o 

o 

M 

9 

o 

M 

N 

• 

* 

*) 

9 

*1 

m 

O 

9 

M 

• 

O 

*1 

• 

9 

9 

• 

• 

9 

o 

M 

9 

9 

■ 

• 

o 

o 

• 

o 

*) 

• 

pH 

pH 

pH 

9 

• 

M 

• 

O 

• 

• 

■ 

If) 

o 

fv 

*1 

9 

M 

9 

9 

O 

O 

9 

o 

9 

*1 

*) 

9 

If) 

9 

O 

o 

9 

9 

M 

o 

rv 

rv 

*) 

9 

9 

O 

O 

o 

If) 

9 

IV 

o 

pH 

0 

0 

O  *» 

• 

M 

M 

*1 

*1 

If) 

9 

*1 

*) 

*) 

M 

9 

o  • 

M 

If) 

O  *) 

9 

o  • 

■  • 

9 

pH 

9 

fv 

if) 

M 

K 

9 

o 

• 

•  M  • 

•  H 

pH 

pH 

If) 

If) 

If) 

M 

• 

• 

9 

U) 

IP 

•  M 

pH 

pH 

9 

9 

•  M 

M 

pH 

M 

*) 

M 

M 

9 

M 

M 

pH 

if) 

pH 

©  o  o 

I  I  I 


9 

9 

IP 

*) 

9 

9 

9 

*) 

9 

9 

UJ 

fv 

UJ 

K 

IP 

9 

M 

o 

o 

*) 

IP 

M 

o  ip 

IP 

pH 

9 

9 

pH 

O 

IP 

O 

9 

*> 

9 

O 

pH 

9  pH 

9 

9 

M 

*) 

• 

M 

O 

M 

• 

IP 

9 

O 

O 

U) 

M 

9 

o 

o 

9 

9 

*) 

O  9 

9 

9 

*) 

9 

IP 

9 

O 

O 

pH 

9 

9 

O 

9 

*1  IP 

9 

9 

*) 

9 

9 

*1 

9 

9 

O 

O 

rv 

*> 

*1 

9 

9 

M 

o 

o 

IP 

9 

9 

O  © 

O 

9 

9 

fv 

pH 

9 

9 

O 

*) 

IP 

pH 

o 

9 

9  pH 

9 

O 

pH 

M 

pH 

9 

9 

9 

IP 

o 

o 

o 

IP 

*) 

9 

o 

o 

9 

• 

9 

O  M 

M 

• 

9 

M 

9 

*1 

O 

IP 

9 

• 

• 

• 

•  M 

O 

9 

9 

IP 

• 

9 

o 

ip 

M 

M 

• 

• 

o 

o 

• 

O 

O 

pH 

pH 

9 

pH 

IP 

• 

fv 

• 

« 

O 

o 

9 

pH  IP 

*• 

*1 

9 

M 

IP 

9 

9 

9 

9 

o 

ip 

9 

9 

pH 

9 

O 

o 

o 

*) 

*) 

M 

O  9 

9 

*) 

O 

9 

O 

9 

• 

O 

IP 

*1 

*1 

O 

*1 

O  o 

pH 

O  •  O 

O  »v 

• 

pH 

*1 

*1 

*) 

IP 

9 

*1 

*) 

9 

M 

o  • 

• 

rv 

9  O 

*1 

9  O  • 

• 

9 

N 

fv 

• 

*) 

9 

IP 

M 

fv 

9 

o 

9 

M  • 

• 

•  M  • 

•  pH 

H 

pH 

IP 

IP 

IP 

M 

pH 

9 

IP 

IP 

•  M 

pH 

pH 

9  • 

9  •  M 

M 

pH 

M 

*) 

M 

M 

9 

M 

M 

pH 

IP 

pH 

pH 

M  M 

O 

1 

O 

1 

O 

1 

9 

9 

*1 

pH 

O 

O 

9  IP 

pH 

9 

UJ 

M 

UJ 

*1 

UJ 

*) 

*) 

9 

M 

O 

O 

K 

*)  Ip 

o 

O 

O 

(V 

O 

9 

9 

’  IP 

o 

O 

9 

rv 

M 

O 

fv 

9 

pH 

9 

pH 

M 

O  M 

• 

If) 

s 

*1 

*1 

K) 

9 

O 

O 

O 

IP 

*)  M 

o 

o 

o 

9 

9 

O 

tr 

1  pH 

M 

o 

M 

ip 

IP 

O 

9 

9  ifl 

9 

9 

fv 

O 

M 

fv 

fv  M 

IP 

O 

M 

M 

9 

9 

9 

O 

o 

M 

9  9 

o 

9 

9 

IP 

O 

o 

o 

i  M 

9 

o 

9 

M 

9 

o 

IP 

O  O 

9 

M 

9 

*) 

pH 

M 

O  O 

9 

IP 

O 

M 

M 

9 

*! 

9 

O 

o 

9 

3) 

o 

pH 

H 

a 

9 

o 

i  9 

pH 

O 

K> 

9 

a 

a 

a 

•  o 

O 

O 

• 

O 

pH 

• 

9 

O 

9 

fv 

rv 

• 

• 

• 

a 

o 

• 

O  9 

a 

pH 

pH 

9 

9 

a 

9 

i  • 

9 

a 

a 

IP 

O 

9 

9  9 

fv 

9 

*1 

*1 

9 

9 

fv  rv 

M 

O 

9 

9 

9 

*1 

pH 

9 

o 

O 

*1 

M  pH 

o 

IP 

If) 

9 

pH 

9 

o 

)  9 

O 

IP 

*) 

9 

o 

9 

pH  O 

pH 

0 

0 

O  M 

• 

H 

9 

a  a 

9 

9 

*1 

*) 

9 

*) 

fv 

o  • 

• 

fv 

NOM 

9 

o  • 

9 

M 

rv 

*  *) 

9 

IP 

M 

fv 

O 

9 

M  • 

• 

•  M  • 

•  pH 

pH 

pH 

IP 

M 

pH 

9 

IP 

IP 

•  M 

pH 

pH 

9  •  • 

9 

•  M 

M 

pH 

M 

*) 

M  M 

9 

M 

M 

pH 

Ip 

pH 

pH 

MM 

NHH 

o  o  o 

I  I  t 


9 

9 

9 

M 

pH 

9 

9 

9 

M 

*1 

UJ 

O 

as 

a 

fv 

fv 

pH 

o 

o 

pH 

*) 

9  O 

9 

9 

M 

9 

rv 

9 

9 

IP 

o 

IP 

pH 

9 

o 

M 

99 

9 

IP 

*) 

9 

a 

9 

IP 

IP 

IP 

fv 

© 

s 

o 

fv 

fv 

o 

o 

9  9 

pH  O 

IP 

IP 

pH 

9 

M 

3) 

fv 

*) 

O 

IP 

9 

o 

o 

pH 

99 

9 

9 

M 

9 

*) 

*) 

fv 

M 

rv 

O 

fv 

*) 

*i 

*) 

9 

9 

o 

o 

9  9 

O  o 

pH 

pH 

M 

9 

M 

9 

9 

rv 

o 

*1 

9 

o 

o 

M 

9  9 

9 

fv 

9 

9 

9 

9 

M 

M 

9 

IP 

O 

9 

9 

fv 

*1 

9 

o 

o 

M 

a 

M  O 

pH 

pH 

a 

rv 

rv 

M 

o 

o 

M 

M 

a 

a 

•  N 

O 

*1 

• 

M 

9 

a 

M 

O 

pH 

M 

M 

a 

a 

o 

o 

• 

9 

9  • 

pH 

pH 

rv 

9 

• 

o 

a 

pH 

• 

a 

a 

pH 

o 

rv 

9  O 

rv 

9 

*) 

*) 

9 

M 

IP 

IP 

IP 

o 

9 

IP 

IP 

IP 

9 

9 

o 

o 

*) 

O 

pH  O 

9 

9 

ip 

M 

o 

pH 

9 

a 

o 

IP 

*) 

9 

o 

ip 

M  pH 

pH 

O 

© 

o 

rv 

pH 

IP 

IP 

IP 

9 

9 

*) 

*) 

9 

*1 

rv 

© 

a 

rv 

9 

o 

*)  9 

O 

9 

M 

9 

a 

K1 

9 

IP 

M 

fv 

3) 

o 

9 

M  • 

• 

M 

1 

H 

pH 

H 

IP 

IP 

U) 

M 

H 

a 

9 

9 

tf) 

M 

pH 

pH 

9 

•  9 

• 

M 

M 

pH 

M 

*1 

M 

M 

9 

M 

M 

pH 

ip 

i 

pH 

pH 

M  M 

M 

H 

*H 

o 

1 

o 

1 

o 

t 

9 

M 

IP 

o 

M 

9 

9 

9 

rv 

M 

§ 

UJ 

9 

h* 

M 

9 

o 

o 

9 

o 

*1  O 

pH 

pH 

9 

9 

K 

pH 

IP 

o 

o 

pH 

9 

9 

o 

9 

9  pH 

9 

9 

IP 

9 

9 

*1 

9 

• 

IP 

9 

IP 

3) 

tf) 

9 

9 

o 

o 

M 

rv 

9  O 

pH 

pH 

IP 

IP 

9 

9 

*) 

9 

o 

g 

M 

9 

o 

IP 

IP  9 

9 

9 

9 

9 

9 

M 

O 

IP 

*! 

*) 

IP 

IP 

o 

M 

9 

5 

o 

U) 

5  o 

fv 

fv 

9 

9 

9  9 

rv 

fv 

o 

9 

M 

o 

9 

99 

9 

M 

9 

IP 

rv 

9 

IP 

9 

*) 

3) 

pH 

9 

9 

9 

*) 

O 

Q 

o 

9 

9  O 

O 

O 

9  3) 

9 

9 

o 

o 

9 

• 

a 

• 

•3) 

O 

rv 

9 

M 

pH 

O 

9 

fv 

fv 

a 

5 

o 

• 

9 

*)  • 

rt 

IP 

9 

• 

*) 

fv 

a 

• 

a 

9 

o 

IP 

9  *> 

rv 

9 

*) 

N> 

fv 

o 

*) 

N) 

9 

o 

9 

IP 

IP 

K 

fv 

*) 

o 

o 

M 

9 

pH  O 

*) 

*1 

9 

*1 

M 

pH 

9 

a 

o 

IP 

M 

9 

o 

9 

*1  pH 

pH 

O 

o 

© 

pH 

9 

9  9 

9 

9 

*) 

*1 

9 

fp 

9 

o 

rv 

9 

o 

*)  9 

o 

a 

a 

9 

M 

9 

a 

*) 

IP 

IP 

M 

rv 

9 

o 

9 

M  • 

• 

M 

pH 

pH 

pH 

IP 

IP  IP 

M 

pH 

a 

9 

Ip 

3) 

M 

pH 

9 

•  9 

• 

M 

M 

pH 

M 

*1 

M 

M 

9 

M 

M 

pH 

3) 

pH 

pH 

MM 

9 

9 

9 

pH 

o 

IP 

9 

9 

9 

M 

UJ 

9 

UJ 

o 

S 

*) 

9 

9 

Q 

O 

pH 

IP 

IP 

o  9 

9 

9 

*> 

IP 

IP 

fv 

*) 

O 

*) 

pH 

9 

o 

9 

*)  IP 

9 

*) 

9 

9 

9 

IP 

fv 

2 

M 

*1 

*) 

PH 

3) 

M 

O 

O 

*) 

M 

O  9 

9 

O 

fv 

rv 

9 

pH 

pH 

O 

*) 

*) 

K) 

O 

O 

f*  9 

9 

9 

o 

9 

IP 

*) 

IP 

O 

ip 

*) 

9 

9 

$ 

o 

O 

O 

g 

*) 

K 

M 

O  M 

M 

IP 

M 

£ 

rv 

O 

pH 

o 

*) 

9 

o 

IP 

M  fv 

9 

N. 

9 

rv 

IP 

9 

fv 

rv 

9 

3) 

M 

9 

9 

9 

*) 

pH 

o 

o 

9 

• 

IP 

O  O 

o 

a 

9 

N) 

IP 

9 

O 

9 

• 

•  *) 

O 

Q 

9 

9 

• 

a 

9 

o 

fv 

M 

M 

• 

• 

O 

o 

a 

9 

pH 

H 

pH 

9 

pH 

• 

9 

a 

9 

a 

a 

a 

d 

o 

9 

H9 

rv 

P 

P 

*) 

fv 

9 

pH 

pH 

o 

o 

O 

9 

9 

9 

o 

fv 

O 

o 

M 

9 

pH 

O  M 

M 

rv 

IP 

9 

pH 

9 

o 

9 

M 

IP 

o 

fv 

IP  pH 

pH 

O 

•  O 

O  N- 

a 

pH 

9 

fv 

K 

*- 

9 

*) 

*) 

9 

9 

9 

O  • 

a 

fv 

9 

O  *) 

9  0  • 

a 

9 

M 

9 

a 

*> 

IP 

IP 

M 

rv 

9 

o 

9 

M  • 

• 

•  ( 

M  • 

•  pH 

pH 

pH 

IP 

IP 

IP 

M 

pH 

• 

9 

3) 

3) 

•  M 

pH 

pH 

9 

9  •  M 

M 

pH 

M 

*) 

M 

M 

9 

M 

M 

pH 

IP 

pH 

pH 

M  M 

NHH 
9  0  0 

I  I  I 

iSF* 


HHNi 


S 

a 


UIOHNON^nSnNW^^  0009  9 

9*  •11)00  •11)0*99**1  &  ©  9  N  9 

9  Q  9  9  *)  9  IP  O  9  9  9  0  9  9  o  O  O  If)  M 

NO‘Pn00^9infOHHff>NH  0  0*1  •  MO  «r  <r  •  •  o  *  H  « 

•99  •  •  •90009  •  •  •  09  a9  ^  •  ©©*)*)•  9  •  H 

*1  *1  9  fv  O  9  *1  O  M  9  9  pH  *1  pH  OONN  OO  NN$9KH«  • 

»  O  K  •  pH  fv  2  K  fv  •  9  *)  *1  9  9  9  Q  •  •  N.  O  O  *1  9  O  •  •  9  M  ©  •  *1  If) 
•  'HiNtNUIlAlANH  •  •  •  9  3)  If)  •  N  H  H  ^  •  •  9  •NNHNMNN9 


9U)*) 

O  IP 

9  pH  Ip 

O  9 

9  *)  fv 

O  9 

pH  9 

5  f* 

9  •  pH 

pH  9  • 

o  9 

•  *)  IP 

9  M 

M  M  9  Cj 

1  MM 

»  9  O  M99 
I  9  ©  ID9  9 
>  *)  O  pH  9  9 

l  •  *  •  •  ^ 

■  *1  O  *1  *1  9 

IHOA9H 


6J  JOZ  hwZ  .ft 

PC  uj  O  9  5  <  *  fi  Z  4  (A  UJ 

ac  ooa<^lIs£sSii:;:222il32K£§li2£S:iitt3SSi 

8 


Sr 


i 

8 


74 


m 

u 

m 

M 

>» 


OHIA 
0  M  Nl 
rt  N  N 

•  •  o 

0  o  • 

K  0  h. 
HN4 


*  ui  o 


m  « 

•  ^ 

H  (0  • 

0  KHA 

HN« 


0  pH  p* 
HQH 
0*0 
•  •  ♦ 
H  0  • 

0IOIA 
H  N  0 


ill 


ss 

>0  O 

s§ 


O  Mfl 

OIAN 

O  O'  • 

°.t  s 

ooui 

i  o  •  pH 
•  HN0 
I  I 


I 

Ul 
I  0  Nl 


s! 

pH  K 

-t 


O  Nl 

ss 

Nl  ■ 

M 


HOO<0 


0 

O 

O 

K 

H 

O 

10 

K 

O 

O 

O 

O 

K 

m 

eg 

M 

K 

9 

8 

tn 

pH 

10 

O 

CO 

10 

*0 

0 

O 

O 

O 

K 

O 

O 

9 

O 

O 

O 

O 

M 

9 

eg 

Nl 

9 

eg 

eg 

• 

9 

© 

eg 

9 

0 

0 

O 

O 

>0 

10 

O 

CO 

O 

O 

O 

O 

O 

M 

pH 

9 

9 

9 

Nl 

9 

• 

9 

eg 

O 

K 

pH 

CO 

0 

O 

O 

Nl 

O 

K 

fs. 

O 

O 

O 

• 

• 

CO 

K 

O 

K 

9 

Nl 

CO 

10 

O 

O 

m 

K 

© 

O 

O 

O 

<0 

• 

• 

• 

• 

• 

• 

O 

pH 

eg 

eg 

• 

10 

O 

O 

9 

9 

• 

• 

• 

9 

9 

9 

PH 

eg 

O 

9 

9 

O 

O 

O 

O 

h* 

0 

CO 

in 

•0 

K 

in 

9 

O 

O 

m 

9 

9 

O  • 

• 

in 

eg  k  0 

9 

9 

O 

fs. 

pH 

K 

9 

9 

rt 

N 

K 

M 

9 

eg 

0 

eg 

M 

M 

pH 

*  H 

M 

eg  eg  m  «0 

9 

9 

pH 

pH 

eg 

pH 

pH 

eg 

9 

• 

9 

1 

f 

* 

eg 

9 

m 

<g 

o 

i 

Soot 

<1  OOt 
>0  o  o  p 
©  o  • 


g. 


o 

I 


9 

O 

in 

9 

O 

O 

>0 

O 

9 

9 

fs.  . 

0 

© 

O 

O 

O 

eg 

N. 

©HNO 

0 

0 

O 

9 

fs. 

9 

9 

9 

9 

9 

O 

9 

O 

O 

9 

K 

pH 

9 

O 

10 

9 

0 

m 

O 

O 

0 

O 

• 

•  1 

N 

O 

O 

O 

O 

0 

O 

O  K  9  O 

0 

0 

O 

9 

*0 

eg 

pH 

9 

m 

9 

O 

eg 

O 

9 

eg 

fs 

9 

O 

eg 

9 

9 

pH 

O 

O 

pH 

eg 

K 

eg  1 

b 

O 

O 

O 

O 

pH 

O 

O  pH  Jl  © 

0 

0 

O 

fs. 

9 

CO 

9 

Ul 

O 

9 

K 

B 

O 

10 

pH 

pH 

Ul 

O 

9 

9 

ni 

in 

O 

O 

m 

O 

pH 

9 

m  1 

0 

O 

O 

© 

O 

Nl 

in 

©  9  ni  a 

0 

0 

• 

9 

10 

9 

Nl 

9 

d 

9 

B 

O 

H 

Ul 

9 

9 

O 

■ 

• 

K 

pH 

O 

eg 

pH 

9 

fs. 

9  < 

in 

O 

O 

O 

O 

O 

0 

d 

9 

9 

m 

• 

O 

O 

pH 

fv 

Ul 

• 

• 

• 

• 

<0 

• 

9 

9 

• 

10 

d 

pH 

0 

pH 

*0 

0  < 

0 

• 

9 

9 

9 

pH 

eg 

0  9  9  0 

0  0 

0 

K 

pH 

0 

9 

eg 

fs, 

CO 

*0 

O 

O 

K 

K 

9 

9 

O 

fs. 

*0 

9 

• 

© 

0 

• 

pH 

pH 

0 

9  1 

*  © 

O  0 

©  • 

• 

rn  eg  k  9 

9 

9 

0 

K 

pH 

fs. 

9 

9 

pH 

H 

0 

pH 

9 

eg 

O 

eg 

O  pH 

9 

pH 

eg 

9 

10 

fs 

pH 

eg 

9 

pH 

9 

eg 

•  rt 

pH 

pH 

pH 

•  pH 

pH 

eg  eg  pH  9 

9 

9 

pH 

pH 

eg 

H 

pH 

eg 

9 

• 

9 

9 

• 

eg 

9 

m 

eg 

9 

10 

o 

I 


1 

u 

Ul 

Ul 

eg 

Ul 

0 

9 

O 

O 

9 

9 

eg  • 

0 

O 

O 

O 

O 

0 

pH 

O  K 

9 

O 

O 

O 

O 

eg 

9 

9 

Nl 

9 

fs 

9 

9 

9 

9 

O 

Nl 

Ps 

k 

eg 

O 

O 

eg 

9 

pH 

eg 

pH 

O 

O 

•  1 

0 

O 

O 

O 

O 

Ul 

Ul 

©  K 

m 

© 

O  O 

O 

ui 

0 

eg 

Ul 

f0 

9 

9 

9 

9 

O 

9 

0 

k 

B 

O 

O 

Ul 

O 

eg 

9 

fs 

O 

O 

9 

• 

9 

9 

9  Nl 

O 

O 

O 

O 

9 

9 

O  Ul  0 

O 

O  O 

O 

»0 

O 

K 

fs. 

fs. 

pH 

9 

9 

Nl 

O 

O 

0 

m 

m 

O 

O 

Nl 

9 

9 

pH 

9 

O 

O 

9 

eg 

O 

Ul 

eg  - 

9 

O 

O 

O 

O 

K1 

9 

©90 

O 

O  O 

• 

9 

0 

eg 

9 

9 

eg 

in 

9 

O 

eg 

Ul 

9 

0 

O 

• 

• 

• 

9 

pH 

O 

Ul 

eg 

O 

O 

Nl  1 

s. 

O 

O 

O 

O 

© 

0 

• 

• 

• 

• 

• 

• 

d 

9 

K 

m 

• 

9 

O 

eg 

0 

fs. 

• 

• 

• 

r- 

• 

O 

9 

O 

9 

eg 

O 

pH 

pH 

eg 

pH 

N!  < 

© 

• 

9 

9 

9 

pH 

eg 

© 

9 

9 

O 

O 

O 

0 

0 

eg 

0 

9 

eg 

K 

pH 

pH 

O 

O 

9 

O 

0 

9 

O 

O 

0 

0 

10 

9 

• 

d 

O 

• 

eg 

pH 

9 

9  pH  O 

O  0 

O 

• 

• 

Ul 

eg 

K 

9 

9 

9 

0 

fs. 

irt 

K 

9 

0 

pH 

eg 

9 

pH 

9 

eg 

pH 

eg 

0 

pH 

9 

O 

K 

pH 

eg 

9 

10 

fs 

pH 

eg 

1 

9 

1 

pH 

9 

1 

eg 

• 

• 

•  pH 

pH 

pH 

pH 

M 

pH 

eg 

eg 

pH 

9 

9 

9 

pH 

pH 

eg 

pH 

pH 

eg 

9 

• 

9 

1 

f 

• 

eg 

9 

m 

eg 

9 

pH 

pH 

t 

pH 

pH 

Nl 

1 

D 

1 

O 

O 

1 

* 

0 

Ul 

9 

O 

O 

Ul 

pH 

9 

9 

9  ! 

ill 

O 

O 

O 

O 

O 

Nl 

in 

0 

fs 

0 

O 

O 

O 

O 

9 

0 

M 

O 

pH 

9 

9 

pH 

9 

III 

O 

0 

9 

0 

K 

* 

© 

© 

9 

Ps 

m 

9 

O 

O 

0 

0 

•  < 

s 

O 

O 

O 

O 

Nl 

0 

0 

0 

0 

O 

O 

O 

O 

Ul 

eg 

Nl 

*0 

O 

© 

9 

0 

S 

0 

0 

0 

$ 

eg 

O 

O 

Ul 

fs 

9 

rs, 

eg 

O 

O 

© 

* 

pH 

0  ' 

9 

O 

O 

O 

O 

fs. 

eg 

0 

9 

m 

O 

O 

O 

O 

9 

m 

9 

O 

9 

K 

9 

pH 

0 

0 

0 

K 

O 

O 

9 

0 

eg 

0 

9 

O 

O 

s 

Nl 

eg 

©  » 

9 

O 

O 

O 

O 

88 

0 

eg 

9 

O 

O 

O 

• 

eg 

9 

0 

Ul 

9 

Nl 

eg 

9 

© 

eg 

9 

eg 

K 

O 

• 

• 

• 

pH 

O 

Nl 

Ul 

9 

O  < 

O 

O 

O 

O 

• 

• 

■ 

• 

d 

9 

9 

pH 

ni 

O 

K1 

8S 

• 

• 

* 

9 

• 

© 

$ 

O 

9 

• 

pH 

• 

© 

pH 

9 

01 

0 

9  < 

5 

• 

9 

9 

9 

pH 

eg 

© 

9 

m 

© 

O 

O 

0 

9 

Nl 

9 

K 

pH 

K 

9 

0 

pH 

Nl 

9 

9 

© 

O 

0 

Nl 

9 

• 

O 

O 

• 

eg 

pH 

9 

9  < 

«H 

O 

O  0 

O 

• 

• 

m 

eg 

fs 

9 

9 

9 

0 

fs 

pH 

• 

K 

9 

0 

pH 

eg 

9 

pH 

9 

Nl 

pH 

eg 

© 

pH 

9 

O 

K 

pH 

eg 

9 

10 

K 

pH 

eg 

1 

9 

1 

pH 

f 

eg 

* 

*  pH 

pH 

M 

pH 

• 

pH 

PH 

eg 

eg 

pH 

9 

9 

9 

pH 

pH 

eg 

pH 

pH 

eg 

3 

• 

9 

1 

t 

• 

eg 

9 

Ul 

eg 

* 

0 

pH 

pH 

♦OOW0H0WN 

N  O  O  4  H  •  •  •  CD 

BOOK  *0HKlA 
MOOO»<OMI«tA 
*  O  •  M  H  O  «0  o 
O  'ONMAUiOH 
•  O  O  .NHO^HO 
WNHWff,HlflN  •  • 


eoesf 

SO  O  0  0  •  0 

O  O  10  *NO0H 
MOOM0NHOH 
NO  •OONM^N 

0  •ONOMMNH 
•  O  O  «!0HHtANOl 
MNHN0NIAN  •  • 

I  I  I 


tf'ff'ff'NOHN.f 
O'  pH  •OOff'ff'M 
O'  •HifiONO  O 
00MIAOMON 
O  <t  O  O  *  •  •  • 
NNMHOM00 
HNOH^MHNI 

•  O'  in  •noian 


0MOOOI 

UJO?  Ji 


o  o  o  p 

©  ©  o  ©  0  _ 

©  ©  ©  ©  m  m  © 

OOOO  «HO 

O  O  ©  ©  ©O'  • 


o  q  ni 

O  ©  Nl 

!8®^ 


Ul 

eg  0  k  in  k 

90*90099 

0  9  0  pH  0 

00  •00**0 

Nl  9  eg  ni  0 

0  *0*0000 

•  0  9  *h  9 

0NIpHpHON100 

9  0  •  *9 

O  0  ni  eg  ••• 

0  O'  0  pH  • 

KONi*em0in 

rt  •  K  9  K 

*M*rt0MrtN 

eg  ph  ph  eg  0 

•  90  •  eg  0  m  eg 

10 

O 

I 

S  O  O  O' 
NOOM 

o  o  o  in 
k  o  •  • 
m  *om 

9-00  0 
>  H  O  O  O 

•AH  H 


10 

o 

I 

Ul 

AOOM 
NOOM 
0  O  O  M 

o  o  •  • 
O  *09 
9  OO  M 
1*000 


mm*  i 

m  0  q  *  m 

ni  *  m  * 

ni  0  5  m  eg 

K  *  K  ft 

9  0  0  0* 

eg  *  0  ft 

eg  0  0  0  0 

•  •  *  ft 

pH  0  •  0  K 

NO  •  ft 

0  •  0  eg  ni 

0  *  m  * 

•  O  0  •  * 

*  eg  0  * 

N  K  pH  eg  0 

ssss 


i  m  m 


OOOO  AHOAOOQOONO-tMAO 

0009  OOOOOOOgOMOOMNO 

SO  O  O  OHO  IOMO  QOONNMMM7 

OOO  NMOO  4000  •  •  •99KK 

OOOO  09  •  •  •  *  •  -ONAJ  •  •  Nl 

- -  - - lA^oooONr  - - 


u  u  u  u  o  •  *  •  •  •  •  q  m  7  *  •  m 

•999  M  M  Q  10  9  O  O  O  5  M  K  9  O  ©  • 

OO  •  •  •  O  •  <l2|NN  4  4  AOCOH  •  N  4  N 

•hhnh •hhnnhaaahhnhhna 


I 

MAeSie««<« 

9  Csl  •  M  ©  >0  9  9 
9  •OOO0NM 
901000000 
©SOM  *  *  *  • 

NMONOKNtf) 

HMNH9MNNI 

•  9  m  •  eg  9  m  m 
1  1 


10 

© 

I 


kook 

HOOM 
9  O  OK 

in  o  •  • 
*0  -on 
9  O  O  M 

>  m 

►  ■ANN 


hUK 

k  oc  co  m  10  h  m  <  k  z 

|UlbZSt09M9tf  in&MM4QHH  in  IA  A 

tHH3hH|-HrMMsrrraojMM9  m  _  10 10  9  S  m 

NqjlfcOahh?<<a33<3#KhhhMM4hhhUMM4 

hi<o5oooibikikih(0ii(iHaA&&&«oesthtsxzt 

HNM9lAAK(O9OHNM9KlAKfl9OHNM9lAAK09OH 

hhhhhhhhhhnnnnnnnnnnmm 


am  m  o  m 

MMO  _  Ill2t0  .  m 

M  h  r  Z  m  M  2  Q  IAMM 

>aMMM4hSlMhh 
UQOlkSZZfcSSathh 


§ 


M  10  9  in  9  K 


IAAKO9OHNI04 
M  M  M  M  M  4  4  4  9# 


75 


s 

o 

9 


o 

Z 

< 


IAMHN 

■  *i  O'  ♦ 


*4  A  4 

•  4  i 


N 

ONIflM 
H  O  N  <f 
NM  H  N 


♦  a  in 

csss 

88$  5 


a 


s  8 

K  o 

HO  •  I 

•  •  CM 


a  P 

£  * 

4  A 

M  N 


♦  A 
I  K 


♦  CO 


A  A  • 
H  O  H 


•  HHH^ 


NO^ 

♦  O  • 
©  H  N 
CM  N  O 

♦  ♦  4 

fv  iv  *> 

ddw 


CM  H 
O  O 
I  I 
IAJ  Ui 

a  in  4 

A  ♦  A 
O  O  O 
(AMO 
ONH 

o  in  o 

•  |V  M 


o  < 

i 


o 

I 

Ui  _ 

SOWN  OONIA  MO 

H  N  O'  vfl  0  0  4  0  HO 

©KAO  O  O  O  A  0*0 

o  O  ui  A  OON  •  *  o 

H  •  •  •  O  O  •  A  A  • 

O  M  >t  A  0  0  4  0  ♦  O 

HI  CM  O  H>  o  •  >N  AOM<tO 
•dUllfl  »MHHN  •  •  <o  • 


S^NIAONNM 

O  A  A  O  <M  ♦  CM 
©©HHNPdM 
AM  •  ->f  OON 

HHHtM  •  CM  •  HI 
^  <|  N  O  9>  O  M  • 
•  •  N  Hifl  •  <t  © 

AAACMAACM4 


f  ONIANH 
POHIMHHI 


O  HI  I 

O  O  C  L  _  ... _ _ 

OAOOOHHPP 
O  N  N  •  •  •  >AN 
-  •  •  P  O  H  NN  • 
OMMOONOOIA 
IflNNOONH  •  K 
NNHMHHNHH 


K 

♦ 

♦ 

A 

♦ 

HI 

CM 

♦ 

♦ 

♦ 

♦ 

♦ 

fv 

♦ 

ui 

o 

8 

!8 

A 

K 

A 

o 

o 

fv 

A 

A 

O 

♦ 

♦ 

♦ 

rv 

o 

A 

A 

♦ 

O 

A 

fv 

O 

O 

♦ 

fv 

AO* 

HI 

A 

pH 

sO 

♦ 

A 

♦ 

rv 

• 

♦ 

HI 

HI 

• 

A 

rv 

CM 

1  CM 

♦ 

CM 

CM 

o 

o 

♦ 

A 

A 

O 

A 

A 

♦ 

A 

CM 

CM 

A 

A 

O 

fv 

♦ 

IV 

o 

♦ 

A 

CM  A 

A 

HI 

♦ 

A 

♦ 

pH 

♦ 

A 

CM 

A 

A 

pH 

CM 

O 

o 

4 

>  A 

A 

pH 

S 

o 

o 

A 

A 

O 

o 

A 

A 

fv 

A 

o 

<0 

A 

O 

O 

A 

A 

A 

o 

rv 

A 

CO  ♦ 

• 

HI 

HI 

A 

♦ 

A 

HI 

HI 

pH 

rv 

M 

CM 

A 

A 

CM 

3 

i  O 

pH 

A 

A 

o 

o 

A 

4 

o 

A 

A 

• 

A 

A 

A 

A 

O 

A 

A 

• 

A  A 

♦ 

• 

• 

• 

O 

M 

• 

HI 

♦ 

• 

• 

• 

A 

O 

A 

A 

•  A 

• 

o 

o 

d 

A 

A 

A 

♦ 

♦ 

A 

O 

• 

♦ 

o 

♦ 

♦ 

A  • 

A 

♦ 

A 

CM 

N» 

H 

♦ 

pH 

pH 

♦ 

CM 

CM 

O 

O 

A 

O 

>  O 

fv 

N 

CM 

o 

o 

A 

A 

A 

d 

A 

A 

rv 

A 

A 

CO 

CM 

o 

A 

A 

A 

o 

fv 

A 

CO  A 

pH 

O 

rv 

♦ 

pH 

O 

• 

O 

o 

fv 

pH 

rv 

ss 

♦ 

IV 

A 

i  A 

CM 

o 

♦ 

© 

fv 

♦ 

O 

A 

♦ 

O 

rv 

A 

A 

♦ 

d 

A 

CM 

fv 

♦ 

o 

rv 

A 

•  fv 

CM 

HI 

pH 

CM 

’ 

CM 

1 

* 

pH 

pH 

pH 

♦ 

M 

pH 

• 

♦ 

A 

A 

CM 

A 

A 

K 

• 

A 

A 

A 

A 

CM 

A 

A 

CM 

A 

CM 

CM 

A 

A 

l 

A 

A 

CM 

A  A 

CM 

A 

1  pH 

O 

1 

o 

1 

1  o 
1 

A 

pH 

HI 

A 

♦ 

♦ 

O 

3 

♦ 

K 

K 

K 

M 

M 

Ui 

♦ 

ui  Ui 
A  A 

A 

K 

A 

o 

o 

♦ 

♦ 

♦ 

O 

♦ 

♦ 

CM 

A 

rv 

♦ 

o 

fv 

O 

fv 

♦ 

♦ 

o 

CM 

A 

♦  A 

A 

A 

A 

HI 

♦ 

♦ 

CM 

HI 

♦ 

CM 

• 

A 

HI 

A 

I  A 

♦ 

O 

CM 

o 

o 

A 

A 

Q 

O 

A 

A 

A 

CO 

A 

CM 

A 

♦ 

o 

fv 

A 

A 

o 

A 

CO 

CM  A 

O 

O 

IV 

K 

♦ 

A 

A 

A 

•A 

A 

A 

HI 

♦ 

O 

HI 

K 

.  fv 

O 

O 

fv 

o 

o 

O 

A 

A 

o 

K 

rv 

A 

o 

A 

fv 

fv 

A 

o 

A 

o 

O- 

o 

A 

o 

rv  rv 

A 

A 

CM 

♦ 

♦ 

HI 

♦ 

O 

fv 

CM 

CM 

CM 

A 

♦ 

H 

1  pH 

CM 

A 

A 

o 

o 

O 

A 

o 

♦ 

♦ 

fv 

♦ 

CM 

♦ 

o 

♦ 

O 

• 

• 

♦  co 

fv 

• 

O 

A 

• 

A 

O 

• 

• 

• 

HI 

O 

K 

A 

1  A 

• 

o 

o 

CM 

A 

A 

A 

cp 

rv 

• 

4 

• 

A 

O 

o 

4 

rv 

4  * 

CM 

A 

A 

CM 

K 

pH 

♦ 

pH 

CM 

fv 

s 

o 

HI 

O 

rv 

H 

1  pH 

♦ 

O 

A 

o 

o 

A 

A 

A 

o 

CM 

CM 

3 

CM 

A 

CO 

CM 

Q 

A 

A 

A 

o 

4 

CM 

44 

O 

rv 

♦ 

pH 

o 

• 

o 

o 

rv 

pH 

A 

♦ 

♦ 

fv 

A 

1  A 

CM 

A 

♦ 

© 

fv 

O 

O 

A 

♦ 

O 

• 

fv 

A 

A 

♦ 

CO 

A 

CM 

fv 

♦ 

o 

fv 

A 

•  N 

CM 

HI 

H 

M 

• 

• 

CM 

• 

• 

pH 

pH 

pH 

♦ 

♦ 

♦ 

CM 

pH 

• 

•  • 

♦ 

A 

A 

CM 

A 

A 

A 

A 

A 

A 

A 

CM 

A 

A 

CM 

A 

CM 

CM 

A 

A 

A 

A 

CM 

A  A 

N  H  H 

o  o  o 

I  I  I 


o 

A 

O 

A 

♦ 

A 

A  1 

s 

A 

A 

A 

4 

A 

O 

8 

Ui 

CM 

Ui 

CM 

8 

A 

K 

a 

l  O 

4 

CM 

A 

o 

♦ 

♦ 

♦ 

o 

A 

A 

A 

♦ 

O 

fv 

4 

♦ 

O 

♦ 

4 

A  O 

CM 

♦ 

A 

O 

♦ 

4 

o  < 

3 

o 

CO 

<o 

A 

CM 

A 

A 

A 

fv 

a 

i  o 

4 

CM 

CO 

O 

A 

A 

A 

CM 

♦ 

A 

s 

o 

O 

4 

4 

A 

o 

A 

CM 

A  A 

A 

rv 

O 

♦ 

♦ 

O 

fv  1 

A 

A 

fv 

CM 

rv 

4 

O 

O 

CO 

« 

A 

O 

4 

3 

•  o 

A 

♦ 

A 

o 

CM 

CM 

♦ 

A 

A 

A 

fv 

O 

♦ 

A 

fv 

o 

♦ 

A 

A  O 

■ 

CM 

♦ 

4 

♦ 

$ 

CM  1 

A 

♦ 

fv 

A 

CM 

o 

A 

fv 

CM 

CM 

CM 

♦ 

4 

>  o 

A 

A 

o 

♦ 

♦ 

• 

co 

CM 

co 

A 

O 

CM 

A 

• 

• 

CM  ♦ 

♦ 

• 

O 

•  1 

N 

A 

• 

• 

• 

o 

O 

O 

A 

A 

• 

5 

•  o 

• 

ui 

A 

A 

A 

d 

• 

A 

• 

A 

• 

• 

• 

CM 

o 

A 

d 

A  • 

A 

rv 

rv 

pH 

K 

A 

♦  « 

A 

CM 

A 

4 

o 

A 

O 

♦ 

A 

A 

A 

A 

d 

3 

i  o 

A 

k 

A 

d 

A 

A 

♦ 

A 

A 

♦ 

A 

• 

o 

A 

A 

A 

o 

♦ 

A 

♦  fv 

A 

o 

k 

♦ 

A 

O 

• 

O 

o 

fv 

• 

A 

♦ 

♦ 

♦ 

♦ 

rv 

A 

A 

A 

A 

A 

O 

fv 

A 

o 

A 

♦ 

O 

• 

fv 

A 

A 

♦ 

« 

A 

CM 

fv 

4 

o 

tv 

A 

•  fv 

CM 

A 

A 

CM 

• 

CM 

1 

A  i 

H 

A 

♦ 

♦ 

♦ 

CM 

A 

* 

• 

• 

♦ 

UI 

A 

CM  A 

A 

o 

A 

A 

A 

A 

CM 

A 

pH 

CM 

A 

CM 

CM 

A 

A 

1 

A 

A 

CM 

A  A 

CM 

A 

A 

o 

1 

o 

1 

O 

1 

A 

A 

A 

o 

♦ 

A 

*! 

A 

A 

O 

o 

A 

CM 

♦ 

Ui 

CM 

Ui 

A 

Ui 

A 

A 

CM 

A 

3 

>  o 

K 

A 

A 

O 

♦ 

♦ 

♦ 

A 

♦ 

A 

o 

A 

o 

♦ 

fv 

A 

o 

♦ 

A 

A  A 

A 

rv 

« 

A 

♦ 

A 

rv 

• 

A 

CM 

♦ 

• 

A 

A 

4 

4 

* 

♦ 

A 

3 

1  o 

A 

A 

♦ 

o 

CM 

CM 

A 

A 

♦ 

A 

A 

CM 

o 

A 

A 

A 

o 

A 

A 

A  4 

♦ 

♦ 

A 

A 

♦ 

rv 

CM  - 

A 

♦ 

♦ 

A 

fv 

o 

♦ 

♦ 

♦ 

CM 

A 

A 

3 

>  o 

A 

A 

A 

o 

4 

CO 

A 

♦ 

CO 

A 

A 

A 

o 

♦ 

A 

♦ 

o 

A 

♦ 

A  A 

• 

rv 

♦ 

A 

♦ 

• 

CM  • 

8 

o 

fv 

A 

A 

♦ 

A 

♦ 

A 

A 

A 

♦ 

• 

3 

>  o 

A 

♦ 

O 

A 

A 

• 

♦ 

O 

A 

CM 

o 

A 

A 

• 

O  ♦ 

A 

• 

• 

O 

CM 

•  ( 

A 

• 

• 

• 

A 

O 

A 

A 

A 

3 

'  o 

• 

N 

O 

A 

A 

ui 

A 

■ 

* 

• 

© 

• 

• 

• 

♦ 

d 

A 

A 

<?  IV 

A 

4 

K 

A 

rv 

CM 

♦  < 

A 

A 

A 

A 

A 

CO 

O 

o 

CM 

CM 

A 

A 

♦ 

3 

!  ° 

A 

A 

A 

d 

O 

O 

o 

A 

fv 

A 

o 

A 

A 

A 

o 

O 

A 

A 

o 

N 

♦ 

A 

o 

• 

o 

o 

rv 

• 

A 

9 

o 

o 

♦ 

• 

• 

A 

A 

A 

A 

A 

a 

fv 

CM 

o 

A 

♦ 

© 

CO 

A 

A 

• 

♦ 

4 

A 

CM 

fv 

4 

o 

4 

A 

•  N 

CM 

A 

A 

CM 

• 

• 

CM 

• 

• 

A  i 

A 

A 

A 

A 

A 

CM 

A 

• 

• 

♦ 

UI 

A 

• 

< 

N 

1  A 

A 

o 

• 

• 

A 

A 

A 

A 

CM 

A 

A 

CM 

A 

CM 

CM 

A 

A 

A 

A 

CM 

A  A 

CM  i 

o  < 

I 


A 

K 

A 

♦ 

fv 

♦ 

CM 

♦ 

A 

♦ 

♦ 

♦ 

rv 

Ui 

4 

8 

8 

• 

♦ 

♦ 

O 

o 

♦ 

A 

♦ 

o  o 

O 

A 

CM 

A 

O 

A 

rv 

o 

4 

♦ 

♦ 

o 

A 

CM 

OK 

A 

4 

A 

♦ 

♦ 

A 

CM 

• 

A 

A 

♦ 

UI 

♦ 

A 

A 

A 

A 

rv 

O 

o 

♦ 

A 

A 

O  4 

4 

A 

4 

♦ 

♦ 

A 

A 

o 

5 

♦ 

IV 

o 

A 

o 

♦  O 

A 

CM 

A 

♦ 

A 

4 

R 

CM 

♦ 

4 

CM 

A 

o 

A 

A 

A 

♦ 

A 

A 

o 

o 

fv 

A 

CM 

O  A 

A 

A 

A 

O 

♦ 

A 

8 

o 

4 

fv 

4 

o 

A 

A 

♦  «M 

CM 

♦ 

A 

♦ 

A 

A 

fv 

4 

♦ 

♦ 

O 

A 

A 

A 

A 

A 

♦ 

4 

o 

o 

♦ 

• 

♦ 

O  A 

A 

• 

• 

A 

4 

A 

o 

♦ 

♦ 

• 

• 

• 

©♦ 

• 

• 

p 

A 

• 

A 

fv 

♦ 

O 

A 

A 

A 

• 

o 

o 

• 

♦ 

4 

A 

A 

♦ 

♦ 

• 

A 

• 

A 

• 

• 

• 

A 

o 

♦ 

♦ 

A  • 

O 

4 

A 

fv 

CM 

_  ♦ 

CM 

A 

A 

♦ 

♦ 

A 

o 

A 

CM 

CM 

A 

d 

4 

o 

o 

♦ 

A 

CM 

O  ♦ 

♦ 

A 

A 

o 

♦ 

A 

• 

3 

A 

♦ 

A 

o 

A 

A 

♦  co 

A 

fv 

♦ 

A 

0 

0 

o  rv 

• 

A 

A 

A 

A 

UI 

4 

A 

A 

A 

A 

A 

o  • 

rv 

A 

O  A 

♦  o  • 

• 

4 

A 

rv 

• 

♦ 

rv 

CM 

IV 

rv 

o 

4 

A 

•  N 

A 

A 

CM 

• 

•  CM  • 

•  A 

A 

A 

UI 

in 

III 

CM 

pH 

• 

• 

♦ 

A 

A 

•  CM 

pH 

A 

4 

A  •  CM 

CM 

A 

CM 

A 

A 

CM 

A 

CM 

CM 

A 

A 

A 

A 

CM 

A  A 

NHH 

o  o  © 

I  I  I 


A 


ty  ui  ui 

lAONOMNOMNHHflf  M 
-  •  M  N  A  A  M  ^  ^ 


♦ 

O 


♦  HI  •  M  A  f  •IAN  A  AM^ 

HlpOH^fOpH(0(DlAN 
H^MO'lAIAtf  (ANvOdl^  ,  =  _  _ 

•NIHI  •  *  *HOPHH  *  •  •  0  0*0  . . 

dN^PNN\tO<M  KIKINNN  O  O  ♦  A  MO  OONNNPO  • 
0  O  K  •  H  H  CM  CM  A  •  A  HI  HI  HI  CM  A  O  •  •  N  O  HI  <f  O  •  •  AHN  *AK 
•  <HHHA  A  ANH  •  •  ’  *  A  A  *NHHC  •  >  M  .NNHNHIHNM 


to  A  ♦  AO 

§38  5  8 

§?* 


A 

A 

K 

8 

O 

♦ 

A 

O 

o 

A 

0 

A 

o 

K 

A 

A 

A 

A 

♦ 

A 

♦ 

o 

♦ 

3 

o 

o 

A 

♦ 

♦ 

K 

fv 

A 

A 

A 

♦ 

o 

A 

4 

o 

fv 

CM 

CM 

• 

• 

CM 

A 

fv 

fv 

o 

4 

•a 

■ 

A 

A 

CM 

A 

• 

♦ 

• 

A 

• 

• 

d 

d 

CM 

CO 

4 

CM 

rv 

CM 

♦ 

O 

• 

o 

ui 

♦ 

CM 

o 

CM 

4 

A 

rv 

• 

♦ 

fv 

^  A 

CM 

rv 

rv 

o 

4 

CM 

CM 

A 

CM 

A 

A 

CM 

A  0 

a 

2  " 

CM 

A 

A 

1 

A 

A 

I  •♦HI 
*  ♦HI 


HI 

ui  u. 

o  o 

8  5 


a  «  w  a  < 
a  &  m  5  >»  w  • 


oooSSoaooQiuu.u.u.z±±Mr£ 


s mss*  !« 
sp-p^tts^si 

MiAui2tiAiniAia-6«<«'««ft<o<««3«NNr<»Kf»r*KKr*K00000 


lilii 

83S8S8888 


76 


240.7516  241.1315  241.5115  241.5901  242.2735  242.6566  243.0447 

67.37440  67.69567  65.02626  65.35704  60.69197  69.03059  69.37326 


5§ 


_  o 
e  o 
o  o 

I  o  • 

I  •  o 

.  o  o 


©  t0  • 

to  •  P 

M  ©  © 
©  ©  o 
«  ©  P 

.  p  o 


I  I 


? 

W  P  Uf 

•  •  M 

H  ^ 

K8S 

rNH»l 

i  p  eg  • 


o 

i 


o 

I 


o 

o 

o 

o 

* 

O' 

ONM 

OOO 

o 

M 

ID 

CO 

P 

ID 

P 

O' 

N 

w 

8 

o 

* 

O' 

eg 

8 

o 

O 

o 

o 

o 

CM 

o 

ONQ 

OOO 

o 

<0 

N 

P 

© 

rt 

w 

O' 

CO 

• 

(SI 

o 

N 

HI 

eg 

eg 

o 

o 

o 

o 

o 

* 

CO 

ON.* 

ooo 

o 

N 

O 

* 

o 

CO 

N 

O' 

eg 

HI 

o 

CO 

N 

N 

w 

o 

o 

o 

o 

o 

w 

O  O'  (SI 

ooo 

• 

• 

© 

N 

N 

O' 

m 

•H 

o 

o 

* 

>0 

P 

eg 

o 

o 

o 

o 

o 

* 

fk 

•  •  • 

o 

O 

O 

tA 

■ 

• 

© 

o 

© 

HI 

o 

• 

CO 

• 

o 

* 

o 

o 

(SI 

O  N  O' 

O  O  Q 

o 

w 

M 

P 

w 

* 

N 

HI 

N 

HI 

o 

o 

HI 

N 

o 

o 

CO 

o  • 

• 

m  n  s 

O  O  P 

o 

N 

O 

N 

P 

w 

w 

O' 

eg 

O' 

P 

w 

CO 

(SI 

o  eg 

o 

H 

w 

H 

w 

•  H 

w 

NNH 

H 

H 

CsJ 

W 

W 

<M 

N 

• 

CO 

i 

T 

• 

eg 

O' 

O' 

eg 

•  • 

p 

oo« 


NOOlAM<AHN9> 
NOONS  •  •  •  © 

nooia  •  ^  ^  in  h 

ooo<n(0H«^H 
W  ©  .ONNHnT  o 

o  •  o  «  «  s  <t  N  m 

•  OO  ■  O  M  N  O  I 


o  o  o  o 
o  o  o  o 
o  o  o  o 
o  o  o  o 
o  o  o  o 
•  p  p  p 


UI0O0IAOOOONHNOHN 

0'OOM40000KI>000'in 

^^O^NOOOO^OlANtf 

NK1OS0OOO  •  •  •  W  ©  © 

P  N  •  O  N  0  • 

ONOSOOOOOHN0NIA 


o 

I 


eg 

O'  ID  W  8  O  <0 

o  o 

S  O  O  N  W 

eg 

O'  N  •  ID  O  O 

4  HI 

eg  o  O  hi  4 

O 

O'  •  OH  O  4 

O'  O' 

O  O  O  O'  o 

H 

O'  CO  CO  H  o  o 

O  N 

©  o  •  •  • 

ID 

o  N  W  o  •  • 

N  •OO'K 

KoomoN 

4  N 

O  O  O  w  eg 

w 

HOMOOH 

CO  eg 

o  eg  O'  O  N  o 

N 

•  O  ^  •  eg  p 

P  esi 

•  •  4  HHeg 

CO 

o 

o 

eg 

O' 

N 

N 

O' 

iii 

eg 

© 

O 

p 

P 

ID  HI  P  HI 

P  o 

P 

P 

o 

eg 

O' 

ID  H 

N 

9 

O' 

K 

ID 

eg 

o 

p 

eg 

HI 

8 

P 

O  eg  p 

eg 

O 

o 

eg 

H 

• 

• 

is 

O  P  o 

W 

HI  P  W  N  O 

P 

P 

p 

p 

HI 

P 

tk 

P 

HI 

O' 

w 

• 

N. 

o 

O' 

HI 

W 

HI 

0 

O  P  HI 

to 

o 

p 

ID 

• 

w 

p 

HI 

w 

©  o  © 

o 

ID 

HON 

p 

p 

P 

o 

o 

© 

P 

O' 

eg 

O' 

P 

O' 

• 

P 

w 

p 

HI 

W 

eg 

W 

P 

o  O  P 

N 

o 

5 

O 

eg 

eg 

P 

P 

4 

p 

P  P 

p 

© 

ID  P  P 

3 

p 

P 

p 

O' 

O' 

O' 

O' 

* 

eg 

p 

p 

N 

ID 

P 

© 

P 

•  •  • 

W 

o 

eg 

« 

P 

o 

O' 

ID 

p 

© 

p 

p 

O' 

N 

•  • 

• 

• 

p 

CO 

O' 

© 

• 

• 

H 

© 

o 

© 

ID 

• 

• 

• 

3 

• 

O  ©  p 

O' 

o 

o> 

O' 

N 

w 

p 

P 

O'  O'  O' 

o  n 

P  N  p  © 

P 

p 

o 

eg 

HI 

p 

eg 

O' 

« 

Ik 

O' 

w 

P 

p 

O 

P 

Ik 

o 

P 

O  eg  hi 

■ 

o 

p 

• 

O' 

O 

p 

eg 

O' 

o 

o 

p 

• 

• 

a 

p 

• 

• 

m  n  s  o 

P 

o 

p 

N 

P 

• 

Ik 

o 

W 

H 

O' 

o- 

P 

O’ 

W 

© 

eg 

0 

eg 

P 

P  NO 

HI 

N 

w 

w 

1 

• 

W 

T 

eg 

• 

a 

#H 

w 

W 

w 

w 

W 

eg  eg 

w 

p 

P 

p 

w 

w 

eg 

w 

w 

eg 

Ik 

* 

• 

1 

f 

" 

eg 

P 

P 

eg 

* 

P 

HHN 

eg 

eg 

HI 

e 

i 

© 

i 

© 

1 

HI 

o 

o 

w 

N 

O' 

P 

8 

o 

© 

o 

o 

e 

O' 

©  o 

O' 

O  O 

© 

o 

eg 

N 

O' 

eg 

ID 

O' 

w 

P 

8 

o 

P 

eg 

P 

ID 

HI 

o 

p  eg  N 

to 

o 

© 

HI 

• 

• 

P 

o 

p 

p 

p 

ID 

©  © 

p 

P 

o 

p 

p 

p 

N 

o 

HI 

w 

O' 

O' 

HI 

O' 

o 

ID 

eg 

© 

ID 

o 

OPS 

HI 

o 

O 

ID 

P 

w 

eg 

o 

5 

p 

p 

W 

N 

©  O' 

O' 

P 

p 

p 

p 

P 

w 

HI 

eg 

o 

eg 

• 

O' 

eg 

p 

© 

eg 

p 

HI 

o 

04H 

N 

o 

o 

eg 

eg 

SO 

* 

w 

© 

p 

p 

p 

O' 

p 

©  O' 

w 

P 

p 

© 

• 

N 

ID 

p 

CO 

O' 

eg 

p 

H 

o 

m 

*D 

P 

P 

0 

•  •  • 

© 

ID 

CO 

p 

p 

* 

w 

© 

p 

p 

p 

O' 

N 

• 

• 

• 

o 

p 

eg 

w 

• 

Ik 

P  0 

p 

P 

• 

o  p  eg 

• 

e 

O' 

eg 

CO 

« 

N 

p 

O' 

o 

o 

p 

eg 

©  N 

p 

©  ©  © 

p 

HI 

ID 

Ik 

HI 

p 

• 

N  eg 

CO 

$ 

o 

P 

eg 

N. 

P 

p 

PHI© 

o 

o 

o 

o 

p 

eg 

O' 

© 

p 

P 

• 

p 

• 

ia  eg 

Ik 

p 

N 

P 

• 

Ik 

p 

p 

w 

P 

o 

O' 

w 

p 

eg 

o 

eg 

p 

Oik© 

HI 

N 

w 

H 

1 

O' 

1 

w 

? 

eg 

• 

• 

H 

H 

H 

H 

• 

H 

w 

eg  eg 

w 

4  4  4 

w 

W 

eg 

w 

W 

eg 

Ik 

• 

i 

T 

* 

eg 

P 

P 

eg 

• 

• 

p 

HHN 

M 

O 

I 


as 

p  o 
*  o 


ooNino^ 

ON*'®  *  *  * 

©  ©  'WON 

- Si  9  * 

o  o  w 
^  mo 
o  ©  © 


►  <6  m 

jis 

•  o  •  © 
■  W  W  P 
I  I 


*381 


o  o  o  o 
_  o  o  o  o 

*  o  o  o  o 

>0  o  o  o  o 

5  _  •  p  p  P 

0  O  O  O  •  •  I 


sss 

0N  • 

,°*!8 


P  P 

o 

9  9 

o 

ID 

t 

HI 

© 

W 

8 

p  eg 

e 

8 

e 

o 

P 

P 

ID 

p 

o 

o©p 

OOP 

N»  « 

o 

5  o 

o 

o 

w 

p 

© 

p  p 

• 

w 

o 

HI 

P 

ik 

eg 

o 

N  Ik 

ooo 

o 

HI 

P 

eg 

o 

o 

P 

p  • 

P 

P 

o 

N 

eg 

fk 

N 

o 

O  Hip 

eg  »k 

o  o  © 

% 

ID 

w 

eg 

eg 

P  HI 

© 

P 

o 

• 

© 

eg 

P 

o 

•  •  • 

•  • 

• 

•  • 

o 

m 

P 

p 

• 

• 

P 

O  © 

o 

P 

• 

HI 

o©p 

K  N 

o 

o  o 

o 

p 

P 

ik 

P 

p 

N  3 

© 

P 

o 

© 

© 

N 

O 

o 

O  P  P 

eg  s 

p 

p  p 

o 

N 

O 

• 

N 

P 

O 

w  O 

© 

P 

p 

P 

eg 

O  eg 

p 

ON© 

eg  m  p 

P  4 

w 

W 

eg 

w 

W 

eg 

K 

•  P 

• 

eg 

P 

P 

eg 

•  • 

p 

HHN 

o 

I 


© 

o 

e 

p 

w 

P 

w 

p 

Si 

O 

o 

o 

e  eg 

s 

O  Al  © 

o 

o  o 

© 

o 

5 

p 

eg 

© 

O 

P 

w 

w 

E 

o 

© 

9 

eg 

K 

P 

999 

p 

o 

p 

© 

© 

• 

• 

• 

p 

o 

p 

o 

©  O' 

9 

O  P  P 

o 

o  o 

o 

p 

o 

w 

w 

© 

eg 

P 

© 

• 

P 

o 

© 

p 

p 

P 

P 

ooo 

p 

o 

5 

p 

P 

p 

w 

o 

o 

o 

o  Ik 

o 

o  o  w 

o 

o  o 

o 

p 

eg 

rt 

© 

w 

P 

P 

a 

p 

W 

© 

P 

eg 

P 

eg 

o 

o  P  eg 

p 

o 

p 

eg 

© 

eg 

K 

p 

eg 

o 

o 

p 

P  P 

Q 

o  w  P 

o 

P  o 

• 

• 

a 

© 

p 

0 

P 

P 

© 

N 

eg 

o 

p 

© 

w 

© 

p 

•  •  • 

w 

p 

eg 

A 

4 

W 

N 

w 

p 

o 

o 

o  o 

© 

« 

o 

© 

N 

N 

a 

P 

O 

n 

W 

w 

a 

a 

• 

eg 

• 

P  ©  N 

p 

o 

p 

n 

P 

eg 

eg 

P 

p 

p 

P  H 

eg 

9  K  t- 

o 

o  P 

o 

© 

fk 

N 

P 

© 

N 

© 

eg 

o 

© 

P 

9 

N 

_  o 

P 

©  ©  N 

o 

p 

© 

P 

p 

© 

H  O 

O  © 

• 

©  eg  fk 

p 

p  p 

o 

fk 

© 

a 

fk 

P 

o 

W 

o 

P 

H 

P 

eg 

P 

eg 

O  eg 

P 

ON© 

HI 

K 

w 

eg 

i 

1 

W 

? 

eg 

•  w 

H 

w 

H  •  W 

w 

eg  eg  w 

p 

p  p 

w 

w 

eg 

w 

w 

eg 

K 

• 

1 

f 

• 

eg 

P 

P 

eg 

*  * 

P 

HHN 

NMMN 

_ lo^mo 

•  O  O  -HH0MH! 


©  O 


s: 


ooo 

O  O  ©  -  -  .  _ 

ooo  ©no 

OOO  w  w  5 

ooo  o  © 


OgOKKChNlUJ^ 


SoOdOM0*4NOM 
POOQO©POP©P 
©OOP  •  •  -HN^H 

_ _  •  •  •  •  p  eg  P  O  •  •  N 

•OOP  HNQ<ANOOOO00OIAKI> 
I  9  •  •  *  O  •  •mNN<t«t«tONO  •  N  0 
>HHHH  <HHN NH 00 0HHNHHN0 


s*s 

N  W  P 

N  N  «• 

#Tf  * 


W 

© 

o 

© 

8  o  ©  © 

ID 

O  P 

O  O  ©  N 

NOON 

p  © 

N  o  5  © 

P  H 

eg  •  •  • 

H 

O  O  ©  w 

p  © 

w  P  eg  © 

eg  o  eg 

•  eg  p  3 

eg  •  • 

•  owr 

?i«8 


H-  to.  I 


Ik  £  A  ©  ID  ^  ID  4lkZ  „  „  _ 

E!S^8S8igS2:&333Sis^&S:SS2t:t:t:!tSSi 

6tNM4lA4N0»Q^NK\4U)4N«^OHNlAflA4Ka»OM 

HHHHHHHHNHWNNNNNNNNNKUO 


.  ID  ID 


ID 

fDfDO 


i 


«  SSI 8«m  . 

ssssssitisaett 

nki4  m4K«»OHNmfm 


77 


K  9  O 

9  9 

MOM 

9  M 

9  0  0 

9  O 

©  K  K 

9  M 

o  o 

M  M  O 

K  O 

9  K  9 

MO* 

M  M  M 

•  •  M 

M©  6Q  O 

O  M  0  O  HHOMflO'MH 

O  9  COO  NN^^Nlfl(0N 


O^^^^M^IANNN^^N  O  O  M  O  CD  O  SNNIAN(Dif)« 

MO  •'t  HW  •OC'Cff'Srt'C  O  O  O  M  O  O  HH(0KU1^MH 

O^lAifldNN  O  O  O  9  CO  O  KKK9KUION. 

(A»ON»«f  OOM  •  *  O  CO  «0  •  •  ^  H>  K  fi 

•  N  'O  ‘  J  J  •  O  f  fi  Ui  •  •  •  OO  •  N  H  •  H  H  O  <t  •  W  •  © 

9999009O999OMM  O  O  9  M  9  0  H  H  H  ^  <t  <A  Ifl  • 

ONCOHHHH  •  «  N  (MH  (0  H  o  •  >KM0M90  •  •  K  O  9  •  9  M 
*H  •  •  •^«U)  *NHHK  •  •  9  •^^HNMHNN 


0MMM0M0090 
ONOC'OO^^OM 
ONIAOON^IAOCO 
09*01  •  •  *  •  (ftNN 
•  •  •  M  O  O  9  M  •  • 

SNff'NOHH^HUI 
NNKIONO  •  K  4" 
NNH4HHNHHN 


I  I  I 

nnnnio^o^n  0  0  0  9  OO 

MO  *©999990  O  O  9  M  MO 

09009MM99©  O  O  N  III  0*0 

K990000990  OOO  •  9  © 

•  *000-00  •  •  •  OO  •  9  o  • 

44NONKNNCIfl  O  O  O  M  III  O 

IMMM  *9MMM©MO  •  *  K  M  O  M  9 
■  9  9  m  m  .  •  *990  -*•  —  —  - 


9  o  •  •  I 

*0 


04IA9>ONHNOH 
0M9M0M9090 
O^NIAOIOIANO 
O  NO  •  •  •  •  HMM 
.  .  .  9*  o  O*  N  n0  •  • 
ON9HOHN4NIA 
IflNNMONO  •  N  9 
RJNH4HHNHHRJ 


K  M  K  9  ©  K  9  9  Q  M  M  9  M  O  O  O  O  O*  MO  O  O  M  O*  M  Ul  K  O* 

ON*  *  CO  M  O  •  N  ®  N  S  \f  lO  M  OONin  K  ©  MCW9M009M 

M9M©MOMQ9MMMM9  OOQO  0*0  0009K999 

o©MM90©oin©©K©o  o  o  in  •  ©  o  in  k  •  •  k  9  9  9 

•  00  •  •  o*  o  o*  in  in  •  •  •  00  •  m  in  •  m  m  o  o*  •  o  •  m 

ONN^^«t  0«NN»f  ^C>  O  O  O  M  OO  O  O  N  M  O  *1  O  • 

I  O  K  *OMMMM  •  >0  M  M  M  O  M  o  •  *N«OMOO  •  •  K  O  9  •  >t  H 
.  .MMMOOOMM  •  •  *<990  *MMMN  •  •  <0  ‘MMMMMMMK 


om©9om9©mk 

0MKM09M0K9 

0M0N0099M9 


0M0M0099M9 
O  *0  O  •  •  •  •  O'  9  9* 

•  0000*0** 
ok©9omm9m9 


onooommomo 
Ifl  N  N  N  o  N  O  *N9 

MMM9MMMMMM 


I  I  1 
UJ  UJ  UJ 

INNK 


OOOMONNONin 
o©ooo9Komm 
OOOOOOMMNO 
o  <9  M  •  •  •  •  K  ©  9 
•  •  •  M  ©  9  M  M  •  • 

OK©MOM©KM9 
in  N  N  N  o  N  O  •N4* 
MMM9MMMMMM 


Otf>jKOinf  MOH 

§K©9009M9© 
NNNOMONOO 
O  M  K  •  •  «  •  in  M  M 

•  •  •  o  o  in  *  *  •  • 

SNMO^i  N-  9  9 
M  K  M  O  K  O  -K* 
MMM9MMMMMM 


9©9M©M9mSSKEm©M 

SO  •MO*  •  K  O*  M  M  in  ©  9 
O0NM0MQMOO*0MO 
f  HCIf  MM40IN$«f  Clf 
•NO*  •  K  ©  K  ©  O  •  •  • 
909000MOM99000 
IK  •  O  ©  O  O  M  •  K  M  M  M  O*  M  O 
MMM-999MM  •  •  •  *  9  in  • 


o 

o 

25 

*!k 

M  O 

M  O 

M  M  O  O  9  9  O 
9  9  9  ©  M  M  © 

9  9  9  M  O  M  M 
9  9  •  •  M  M  CO 

^  ^  MK 

o 

as 

s 

K  O 

.lo. 

w  w  pi  •  rp  • 

9  9  O  K  O  K  M 

•  •NNOM0I 
M  M  M  K  •  •  9 


MMMMMMMK 


O  M  O  9  O  O  O  *0MO 

SO9M09OMM0 

0M909MM0M 
O  M  9  •  •  M  <0  O 

•  •  •  ©  ©  M  K  K  • 

SN  K  M  ©  in  K  K  9M 
MKMOKO  •  K  9 
MMM9MMMMMM 


sirsss'tsHisss 

MKMQOMKQ9MMQMM 
9mmomm90©99S©9 
•9M  •  •  *1110900  •  •  • 
900M9900M99MM9 
►  OK  •  M  9  <0  <0  M  •  K  M  M  M  Q  M  < 
•  ‘MMM999MM  .  .  *900 


0*0  0  NO  00KKM909  O  ©  ©  ©  O  K  K  ©  M  © 

OOM  *0  §  99M90M0M  O  9  O  ©  ©  M  9  M  M  © 

5  9  M  MO  0Q09M0M9  099000*009  0* 

OO*  MO  *0  9  •  •  M  M  9  M  090  ••••MM9 

O  •  M  9  •  M  M  M  9  •  O  •  K  •  *  •  9  O  M  9  Q  •  « 

OK©  90  0090KOM  •  Q9K009000M 

•  K  ©  O  M  9  O  •  •  K  B  ©  -99  _  OMKolKp.K9 

IMMK  •  •  9  -MMMMMMM9  M  MMM9MMMMMM 


m  *  nisi«ii§  saEsu  f«  l  sSsfs^iri 

sss  «  Ss&ssil&igSi&ISzssiSsg&fgisi^Etsfcsi  . 

sss  |  JssaasaasssssssjissssssspjRsiss^gsssas*  |  sssssssss!* 


lit tillsIlEEtslgi 


sSilsSsIrS 

tttSfcfctfcSfi 


78 


CM 

CM 

*4 

o 

1 

o 

1 

o 

1 

0 

*4 

O 

o 

14 

O 

H 

*4 

N. 

M 

o 

o  o 

o 

CMOO*40OOO 

O  0  *4 
O  (4  0 

*4 

O 

0  O 

0 

O  *4 

%  o 

*4 

O  M 

UJ 

0  O 

O 

0*40 

*4 

*4 

O 

o 

o 

3 

• 

*4 

o 

o  o 

o 

OCMO0OOOO 

*40000000 

K 

0 

O  44 

0 

44  • 

*4  O 

CM 

0  0 
0  0 

CM  O 

O 

M0N 

K 

o 

o 

o 

N. 

CM 

*4 

0 

*4 

o 

o  o 

o 

O  0  CM 

CM 

0 

O  N* 

0 

•  *4 

*4  O 

*4 

o  o 

o 

0  CM  O 

O 

*4 

O 

o 

O 

*4 

44 

o 

0 

44 

o 

o  o 

o 

O0OCM0OOO 

•  •  • 

o 

0 

0  14 

0 

M  O 

14  O 

0 

O  CM 

*4  O 

•  *o 

o 

CM 

o 

*4 

44 

CM 

0 

*4 

0 

o 

o  o 

o 

0  lA  . 

O  0  14 

*4 

• 

.  o 

O 

14  0 

0  • 

• 

e 

044  * 

o 

o 

0 

*4 

cm  a 

CM 

CM 

0  0 

0 

OCMO0*4OOO 

O  0  CM 

0 

0 

O  • 

N» 

*4  O 

CM  O 

44 

CM  0 

*4  O 

o 

0  NICM 

m 

*4 

o 

o 

N. 

o 

O 

o 

o 

o  d 

O  •  •  44  CM  O  0  0  0 

O  0  0 

• 

0 

0  0 

*4 

N.  O 

O  0 

0 

0  CM 

O  CM  0 

o 

0  0  O 

*4 

8 

O 

N» 

0 

N» 

*4 

*4 

1 

O 

1 

H 

1  *4 
1 

CM 

•  *4 

*4  H 

H 

•  HHNNH000 

*4  *4  *4 

*4 

r4 

CM  N 

O  14 
•  1 

•  CM 

*4 

0  CM 

•  •  0 

*4 

*4  *4  CM 

CM 

CM 

*4 

8 

O 

1 

O 

1 

O 

1 

2 

CM 

0 

O 

o 

CM 

0 

N 

*4 

0 

R 

o 

o  o 

o 

0N-O*4*4OOO 

O  *4  0 

N» 

CM 

O  14 

o 

0  *4 

III 

N  O 

O 

0  14 

UJ 

N»  O 

O 

*4  0  0 

CM 

© 

o 

o 

* 

o 

14 

o 

o  o 

o 

*4*4OKN.OO0 

O  CM  0 

N» 

*4 

O  *4 

0 

O  • 

44  O 

*4 

©  H. 

0  O 

o 

CM  0  0 

0 

*4 

O 

o 

CM 

*4 

0 

*4 

o 

o  o 

o 

M0O09OOO 

O  0  *4 

*4 

*4 

O  0 

0 

•  *4 

*4  O 

CM 

0  0 

0  o 

o 

*4 

*4 

5 

o 

*4 

0 

$ 

CM 

*4 

0 

o 

o  o 

o 

*4*40044000 

•  •  • 

0 

N. 

CM  0 

0 

0  CM 

0  o 

O 

*4  O 

O  O 

14 

CM 

O 

14 

*4 

3 

a 

O 

*4 

o 

o  o 

o 

OOO 

0 

• 

•  CM 

O 

*4  O 

*4  • 

• 

•  • 

44  « 

o 

40  • 

N» 

o 

0 

0 

CM 

N 

23 

0  0 

0 

OCMO0*4OOO 
O  •  •  44  CM  O  0  0  0 

O  44  *4 

0 

o  ♦ 

N» 

0  N» 

0  O 

o 

14  0 

*4  O 

o 

14  *4  *4 

*4 

• 

O 

o 

N» 

o 

0 

o 

o  d 

o  0  0 

0 

0  0 

*4 

N*  O 

©  0 

0 

0  CM 

O  CM  0 

o 

0  0  o 

N. 

0 

N. 

*4 

H 

1 

o 

1 

H 

*4 

1  CM 

• 

•  *4 

*4  *4 

.  *4  * 4  CM  CM  *4  0  0  0 

H  rt  H 

*4 

*4 

CM  N 

* 

V? 

•  CM 

*4 

0  CM 

•  .  M 

*4 

*4  *4  CM 

i- 

CM 

CM 

*4 

Ik 

o 

1 

O 

O 

l 

0 

0 

•H  O 

o  0  o 

CM 

1  0 

•  0 

4AJ 

o 

o 

o  o 

o 

OOO0CMOOO 

044ON>*4OOO 

O  0  0 

*4 

0 

O  *4 

0 

o  0 

Ul 

O  o 

CM 

14  0 

Ul 

*4  O 

o 

00K 
*4  O'  N 

OC 

*4 

* 

O 

O  *4  o 

*4 

o 

o  o 

o 

O  *4  0 

O 

© 

44  O 

0 

o  • 

*4  O 

O  N» 

O  O 

o 

0 

O 

o  o 

• 

H 

l  *4 

14 

o 

o  o 

o 

rt«0»(0000 

O  CM  0 

O 

CM 

O  44 

0 

•  14 

44  O 

14 

*4  0 

*4  O 

o 

CM  0  0 

u 

0 

O  O 

o  14  0 

*4 

i  44 

1  0 

*4 

o 

o  o 

o 

CM*400*4000 

•  •  • 

2 

0 

K  *0 

0 

0  44 

*4  O 

*4 

CM  O 

14  O 

.  .  o 

*4 

CM  O 

• 

o 

*4 

14 

1  0 

»  *4 

N» 

o 

o  o 

o 

0  0 . 

9  N*  o 

• 

•  O 

O 

N  0 

N  • 

• 

•  • 

0  • 

o 

N*  O  • 

ac 

• 

0 

• 

o 

0 

*4 

*4 

i  N* 

44 

0  0 

0 

0MQP*4000 
o  •  •  44  CM  o  0  0  0 

O  0  44 

0 

O 

N  • 

N. 

0  *4 

44  O 

O 

o  o 

*4  O 

o 

01414 

*4 

o 

o 

K. 

O 

0 

O 

O 

o 

o  d 

O  0  0 

0 

0  *4 

*4 

0 

O  0 

O 

0  CM 

O  CM  0 

o 

0  0  o 

H 

N» 

0 

r* 

H 

*4 

o 

*4 

1  *4 

1  CM 

•  *4 

*4  *4 

*4 

•  *4*4CMCM*4000 

H  H  H 

*4 

*4 

CM  N 

• 

O  *4 

-  CM 

0 

0  CM 

.  .  nO 

*4 

*4  *4  CM 

CM 

o 


<  z 


ss 

So 

N  O 
Ul  • 

•  o 

0  n* 


cm  e 
14  o 
o  o 
o  o 

CM  O 

O 


O  N  f 
O  *4  0 
O  0  • 
O  <0  M 


§"S 

hh3 


OOH 

o3  • 

OHN 

(4  ~ 


CM 
O 

I  -4  S'  O  O 

•  o  o 

I  14  0  O  O 


§§ 


o  o 


O  Ifl  rt  N 


a- . 

^  -  MU.. 

233oSn  5  5  ONO4pOOOON'«0iQ»N' 

OOOOOOO  •  •  •©  •  *0014 


•ON  f 
O  O  •  ©  © 
N.  *4  *4  ©  *4 


CM 

O 

,K# 

►  .  14 

►  14  »4 

-i  .j  N  N 

S4NC 
OH0I 


gooo 


HUlOQHOOOOMf  «(0N9> 
Ol4O0N.OOOO*40©»4©© 

fNOH»OOOON^O«N« 
<4014*4000  •  • 

4 . o  ^  <4  >f  •  •  o 

ONPVOOOOOflMM  • 

«s^-^®--sasiIss2s-2aR 


'  o  o 
go§ 


32S3SS 


NOOKf  ^IAKf4 
O  Q  5  N  f  •  •  .N 
C  OQP4  •  K  0  N.  O 
#OOU)«KH«C  OOO 

S^oSnSm  J5  •  0  0  0  ONOQpOOOdO'dKIOC  ~ 

•  OO  •40HH4004  •  •  •  O  •  •wNBfvCO'lP  •  ^  0  CM 
^NHHOH^N  •  •  <H4H4  .HHNNH444HHHHHNK 

I  I  1 


OQN<tHNNN 
ON^OOQQMQ^NCH 
4€Q">°ooo0**k*k* 
IPOMOOOOj  •  K  0  44  0 

O'  >4  j  j  •  •  •  *OMOK  •  •  0 


*4  14  O  0  *4  CM 
•4  M  •  .  •  *4 
IN  •  0  *4  4  4 
I  0  M  0  0  *4  £ 
H  O'  O'  f  W  ff> 
•M  •e«OU)ONH 
•  O  O  •  f  o  N  H  ^  I 
#NhH0N|M  • 


SiiiiSillsii 


J“|JS§o|oSSS2SS 

asiasssi^ssss 

_  w  _  ON  •  •  •  •  •  •  9  N  H  O  •  •  N 

©  N  O  ©  0  O  ©  ©  £f  @  O  0  *4  0  • 

.  .  .  o  •  «i4SK000ONO  •  K  0  CM 
H  H  H  .HHNNH40PHHNHHNN 

hlb  4 

SS53  « 


X  1  O  JMM#  14  14  14  0  S  14 

iaissstassfcttfcsai  . 
-♦‘-’♦■"'•'"••'ssassias^sssssjsaaaagsss  5 


N 
O 

I 

tu 

0  4  04  0  O 
0  0  •  0  O 

0  **400 
0  N  9  N  O 

O  H  N  N  • 

nnono 

HfiO0<r 
•  O  ^  •  M 

N 

? 

S2~£g 

0  '  0  *4  O  *4  L. 

0^^^014*414 


0  0  *4 

CM  O  O  0  *4  *4 

*4  0  0 

UIOONNH 

*4  O  *4 

N  O  O  0N0 

CM  *4  N 

CM  O  •  •  *44 

•  •  • 

14  -  O  44  14  • 

CM  *4  O 

*4  O  O  N*  0  0 

O  N  CM 

O  CM  0  O  0  0O 

0  0  CM 

•  «  0  *4  HNN 

**  O  ©  *4  0  fv 
HOOHOW 

0  O  o  N*0© 

0  ©  _•  •  _•  o 


©00©  •  •  •  •  H  •  O  0  0  • 

*4QO©0Or*CMOCM0O00© 
•  ©  0  •  N  0  0  N  «  •  9  H  HHN 


I  I 

0  0  14*400*40  *4  O  ©  CM  0  N* 

00  •  K  O  *4  0  CM  0001400 
0  *090^014  K  O  O  0  ^  N. 

00*4000014  0  O  •  •  •  14 

©  ©  N  *4  •  •  •  O  •  O  M0  • 

NN400MNO  HOO0O0 
H8HO>lONNON>tO0O;O 
•  ©  ^  *  CM  0  0  CM  •  •  ^  H  HHN 


«M 

O 

I 

0140^00*40 
*  M  •  W  5  H  J  J 


14  0  O  O  0  14 

0N<*HO«^H 
©000  •  •  •  _  .  .  . 
NOOHOAOO  O  O  OOO* 
*40M00OONJOCM0ON»O0 
*9^  •  CM  0  0  CM  •  •  M  H  HNN 


0  14  14  _ 

44  *4  *4  O 

EiiS&s 

N*40l40N>«0O*4tM*40t40 

*4*4*4*4*4*4*4*40000000 


n  14 
Q  14  *4  *4  0  14 

sattfcs 


79 


ONHM<d«NMO>0>OH«N  00»a  K© 

id  b  •  k  ©  pm  .hJ  HHN«>ib  o  o  p  id  id  e  idididO‘*k©id 

SKNMU)9>^HNHHH4N  O  O  O  K  MO  <O<D<0NNNON 

N»/lN'0lflO‘lfllfl>»'tO'O't  O  O  O'  •  O  O  HH  •  •  N  <0  <0  <0 

•<0N  •  •  •  ID  O  B  *4  pM  •  •  •  OO  .  M  O  •  CM  CM  O'  ID  -id  •  >0 

^NNNf  ^NONMKUANM  OOHKI  «  O  <0  <0  ^  N  O  ^  0  • 

IN0O000O  •0NN00OO  •  >(OkAOM<tO  •  •  0  O  N  *00 
•H  •  H  w  ro  N  H  •  *  •  «  *NHH0  •  •  0  -^^HHMHNN 


OH00O^HMO00 
O^OHOlO0N0(OUi 
O6»>IAO0NN0'ON 
O  CM  O'  •  •  •  <0  040 
•  .  •  ID  O  O'  lit  M  •  *  <0 

SOH0O  ON^OO  • 
CM  CO  N  O  sO  O'  *s0j^ 


O  OMH 
OON0 


00H0ONOM 

00N00NOH 


OMMMOH0NNOM 
ONNOON0NHOH 
O0ONOIHHHOI 
O  O  ID  -  •  •  •  V0  NNO 
.  .  .0O000  •  •  CM 

O  ^  H  O  O  0  0  <t  N0  • 
0N0NO0O'  •  0>f«t 
CMNH0HHHHHNN 


oonnooohooh 
ON0HO00000O 
OO'COOOCMO'OCMCO0 
O  0  H  •  •  •  *  O  ONM 
•  O  O  N  O  O'  •  *0 
O0H0O00-I0N  • 
0  N  0  0  O  0  O' 
NNH0HHHHHNN 


o  o  k  b  o  e  b 

OOP?  CM  O  O' 

OO0H  O  O  £ 

©ok-  o  o  © 

o  o  •  *  O  •  cm 


M  •  0  H  •  •  •  0  O  0  0  0  •  •  •  OO**  *  •  CM  CM  ID 

on  *  CQ  *  ID  N  K  O'  O  M  *  *  CM  p4  ID  OOO0  K©  ID  ID  K 

•OON0O000O  •  0  N  N  O  N  O'  O  •  •  0  0  O  M  <1  O  •  *  * 
H  •  •  H  •  H  W  M  M  N  H  •  •  •***  •  N  H  H  0  •  •  O  •  *  *  M 


INO0O 

|O'0O 

0HMM 

I  •  N  •  * 

•  ID  ID  K  • 

ID  •  *  ID 
IMHNN 


NHH 

O  O  o 

I  I  I 


. . . ... - - _  ..  O  O  M  O*  BO  CM  M  ID  *  CM  ©  CM  O' 

CM  M  •  N.  ID  CM  >O'O00d0K  5  O  K  ©  O'  O  00^00000 

B  *  B  B  Nl  K  ID  Q  *  *4  ^  ID  B  ID  O  O  O' ID  BO  OON^00N0 

ID  B  ID  *  ID  *  CM  S  ID  O  O  ID  ID  CM  O  O  ID  •  KB  OO  •  •  5*  O'  O  M 

«MN  •  •  tWONHN  •  •  •  OO  •  ID  O  •  CM  CM  *  B  •  *  •  O 

*  O  *  id  ID  ID  CM  o  CM  ID  ID  **  O'  e  O  e  ID  KB  *  *  B  K  K  tf|  B  • 

IOKOOOOOpM-BCMCMOKOO  •  •  B  O'  O  ID  *  O  •  •  B  O'  ID  •  *  ID 
•  •  pM  •  H  M  ID  M  N  H  •  •  •***  •  N  H  H  B  •  *B  •'IOHH0HNN 


O0N0O«t  H000O 
OO00ONN0ONCM 
OH00OO'NO'O0'f 
O  K  K  •  •  •  •  p4  pM  ID  ID 
•  •  •  CM  O  ID  ID  CM  •  •  * 

SBO0ON000N  • 
CM  B  ID  O  0  O'  .nO**D 
CMNH0HHHHHCMN 


OOHNOMf 0BN0 
5^N0OH00H00 

8f-40'OOK*BBKB 
ID  ID  •  •  •  •  O  K  O  ID 
•  •  •  N  O  O  B  O  •  •© 

SBO0O0N0O0  • 
CM  B  ID  O  B  O'  •  B  *  ID 


K  MNONHBNnKSSoHW  OOBO  O'  p  NNN00HNK 
K  KO*  •OOM^*O'OHHWO0  p  O  O'  *  CMP  OO00QO'BH 

ID  K  *  K  ©  O'  *  K  O  K  ID  ID  CM  O  pM  OOpB  ID  O  B  B  *  M  ID  K  K  O' 

*  ID  0HKNNNO00»Of  ON  OOP-  B  S  O'  O'  *  •  P0  K  ID  * 

I  B  •  N  |D  •  •  •  0  O  O  Ut  0  •  •  •  ©  ©  •  pM  K  •  D  H  0  O  •  N  •  M 

K  *  CM  ID  M  PD  Nl  *  O  ID  ID  ID  B  K  ID  O  O  O  ID  BO  ID  ID  O'  B  O  ID  B  • 

IB  •BOKO'BOBBM  «BNNONpB  •  •  B  ©  ©  CD  *  ©  •  •  B  O  *  •  *  CM 

.  •  H  •  •  H  •  H  O  O  O  N  H  •  V  O  W  *  N  H  H  N  •  B  *f<fDHMHNN 


B*BBOCM*f4CMCMK 

gNO'HOM00NBH 
PDOI0O**K*KO 
B  ID  B  •  •  •  *K*IDB 
•  •  •  CM  B  ID  O'  K  •  •  B 

3  0000^0000  • 
CM  m  *  B  B  O'  •  NON 
NNH0HHHHHNN 


PD  BpBBB^PD*!K<MKBPD0  0  006  ID  B  NN0NN0NO 

B  KO  •BpO'  .0ONNH-JN  PeOlD  BO  0B00B^00 

CM  KO'BBOCMBplDO'O'pBB  QO0O  0  O  HHOBHB0B 

O'  0  *  O  O  O  O  ID  ID  cm  B  B  5  *  H  BOB  •  ID  O  OO  •  <00HB 

pM  •  K  O  •  •  •PppCMOO*  •  •  00*0  *  •  PM  H  CM  *4  •  ©  •  CM 

B  00HHK50BB0OK  O  O  o  CM  BO  CM  CM  ©  §  CM  B  B  • 

O  •OOKOOOiNpMpM  •  B  CM  CM  a  B  O  O  •  •  K  pM  O  ID  *  O  •  •  K  O  *  •  *  CM 

•  pM  •  •  pM  •  pM  *  *  *  CM  pM  •  •  •  *  *  ID  •  CM  pM  pM  K  •  •  0  •  **p4CMIDpM<MK 


§oidopbcmidocm* 

'tQH0009'B00 
00KOO00BBB 
O  H  0  •  •  •  •  0  BHB 

•  •  •  10  O  CM  PM  O  •  •  CM 

8BON030BHB  • 
NKtf  @K©  >K*CM 
N  N  H  0  H  H  N  H  HNN 


spLiil  saiEs*.  s <* 

8HN0f00N0OOHN000BK0OOHN0^0BK0OQHN00 
000000000BBBB0BBB0BKKKKKKKKKK00B00 


l  iiiiiililli 

1  83S8S*S8<5!** 


80 


X  TIME  4.922276  S. 022720  S.X23X65  S.2236X0  5.324055  5.424500  5.524944 


OOIA44(ONH  OOOO  HIAON0OI 

OOOO  -  •  *9  OOOO  N  O  ©  O  O  ©  < 

OQH  .  *4  a  9  &  OOOO  NlflOUIOOl 

OOMNIAH^lA  OOOO  9  *4  ©  M  O  O  i 

O  •  O  9  N  ©  *4  9  OOOO  9  >0  •  •  •  • 

•OMOHOMO  *999  O  N  O  0  H  O  I 

OO  'NOOONOO0  •  •  *  O  •  •  0  N  0  < 

K  H  *4  <0  *4  ^  CM  •  •  •  HHN  H  •  H  H  N  N  H  4  > 


H0ON0OI 
S0O00OI 
N0O0OOI 
9  *4  O  M  Q  Q  < 
9  9 

ONO0HQI 


O  O  N  Ifl  •  •  *  f* 

O  •  M  >0  O  0  9  O 
•OMMNN^N 
O  O  •  ^  ©  O  O  f*  l 
SHH0H^N  • 

I  I  I 


SOOO  0  9<  O^NOO  O  Of  HNH 

OOO  OM  O04)OOOOQS0<«MN 

OOOO  p<M0©r*00009r*©CM*4© 

OOOO  ^)NOK)0OOO  •  *  •  O  tf)  9  O 


OOOO 

OOOO 

OOOO 

OOOO 

t  O  CO  *  * 


0NOM0OOO  •  •  •  O  IA  9  o 
O'  •  •  O  9  Ifl  N  *  <0 

ONOOOQOQONfNOlil  • 

I  •  •lANtff  f  f  049  W 


OOO^0NfH 
OONO  •  •  •  9 

OON  •  CM  CM  IA  9 
OOlAf  lAf  >09 
O  •0NN<OK)iA 
•OMHNHOM 
OO  •  K  O  O  O  N*  O  < 

NHH0Hf  N  •  • 


III  Ui 

OO0HOKIMN  HOO 

O'©  -f  OMH0  K  O  O 

9*  •OWONMM  *4001 

9NHIAOIA9M  9-0  • 

Of0f  •  •  •  •  CM  •  ©  I 

NOOOON00  *4001 

HNONf OONONf O 

*  0  f  •  N  f  f  N  •  <0  4  i 

■  i 


MOOHO  OOO' 

NO  <OIA0  MOOl 

f  OO0O  -9-  O  O  < 

iNOHOM  MO  • 

©  ■  •  •  •  N  •  O  < 

INOM40  *4001 

S-fOsOWONvfO 
.  N  9  f  N  •  Hi 


IH  _  _  _  Ui 

99NH099'9  f  OOMK0H 

9*  O  '400  04  9  O  O  *4  M  *4  9 

9  •  CM  9  O  9  9  IA  9  O  O  M  M  9  f* 

99990N9M  IA  O  ‘  •  •  9  M 

O  N  9  IA  91  •  O  (0  9 

NHHMONO0  HOONf'OO 

HNONf  OONONf  OOO0N 
•  O  9  *  W  9  9  N  •  .9HHHNH 


0049904%  OOOO  900000000409 

O  O  9  *4  •  •  •  ©  OOOO  N90  9  90  000040 


O  O  M  -NNM4 
00*4M9M90 
O  'OONNNN 
•  O9NN440 
OO  tN090N0i 
N4404MN  •  • 

I  I  I 


I  O  9  N  0 
>  O  M  O  9 
I  O  O  <M  U) 

ION90 


4  O  O  *4  O  90 
NOO04N0 
N009HIAIA 

>9  0  *  *  '  (0  9 


I  O  *4  9  0  4OONM09 
9O4NON9O4904 
N99N  •  •  4  4  4  4ftl4 


OON04ON% 

O  O  CO  CM  •  •  •  9 

009  •  IA  N  N  9 

§0494009 
.  O  9  f  0  4  N 
•  O440NON  _ 
po  •  cm  o  9  o  r*  o  < 

N  4  4  9  4  M  N  •  • 

I  I  I 


OOOO  900490000990040 

OOOO  9in0h*9000O*4N>9©M9 

OOOO  4NO09OOOO4400N4 

OOOO  94O0NOOO  •  •  •  9  9  N  9 

OOOO  N9 . ON90  -  .9 

•999  ONq4NOOOO09M04  * 


99  ONO4NOOOO09 
•  •  O  •  >000999040 


^SSlA 


900^0444 
9  CM  •  9  O  N  N  N 
9  •  94  9  O  M  CM  (A 
99090090 


4N4N9900I 
•  9  HI  •  CM  HI  9 
I  I 


4009400 
0  O  O  4  NK0 
HOO44N0 
9  0  •  •  •  4  9 
H  •OHO'  •  • 
NOO0990 
IN9O40N0 
>  •  9  *4  *4  M  CM  *4 


0  0  0  9  9  9*09  OOOO  9  N  O  •  <4  O  O  O  O  O  (A  ^  »  O  ^ 

0009  •  •  •  *4  OOOO  9  9  ©  9  9  O  O  O  O  HI  N*  9  9  ©  CM 

OOO  >0000  OOOO  4NONNOOOO9M9909 

OOONMO99  OOOO  0  9  09  000  0  •  •  >N00O 

O  '049990  OOOO  0  0  . *0*490  •  *9 

•  O0NONN9  *999  ONO9NOOOO09009  • 

OO  *90999*000  •  •  •©  •  *0940999090  *990 

N440404  •  •  •  *4  *4  *4  *4  •  4  4  N  N  4  9  9  9  4  4  4  4  4  N  N 

I  I  I 


©  O  Q  CM  M  ©  9  9  OOOO  ©9 

O-0H9990  OOOO  00 

•  O  O  K  O  N*  N.  9  *999  3  CM 


99^90*490 
9  9  •  M  O  M  9  Ml 
9  '00O49N 
9M090909 
0  4  9  0  •  •  •  • 

NNN9O409 
H99N990N 
•  O  HI  *  CM  HI  9  M 
I  I 


90  0000049 
90  9  0  0  M  NO  9 

SN  O  O  O  9  HI  9  9 

9  90  •  O  0 

9  *  O  H  9  •  • 

09  4000^90 

0MOCM9O90N9 
9  N  •  •  9  *4  *4  *4  CM  *4 


009009*4*4  OOOO  M  M  O  K  9  O  O  O  O  N*  9  O  M  9  9 

OOlftr*  *  *  *9  OOOO  900900000CM9KOMM 

©  ©  *4  •  *4  O  9  CM  OOOO  NNOOOOOOON00494 

0094M494  OOOO  90099000  •  •  •  O  CM  5  • 

O  *09990*4  OOOO  0  0  •  •  •  *  *  •  O  o  CM  *4  *  .  o 

•  0004094  *999  O  CM  O  9  CM  O  O  ©  ©  9  M  9  9  9  * 

go  •  r*  O  N.  9  o  o  O  o  *  *  -o  •  •  9  CM  ©  9  9  9  O  9  9  *999 

440404  •  •  •  *4  *4  *4  *4  •  4  4  CM  CM  4  9  9  9  4  4  *4  4  4  M  N 
I  I  I 


HNll!ii5J!0SI22|SSj0090009ii5 

9isssss222£sss2£2s&tasstt:ti2$i 

W0999N09O4N0909N09O4N0999N09O4 

4444444444NNIMMNNNNNN00 


•  CM  M  9  CM 


&IAIA_  ^  j 

9  HI  HI  O  _  9  , 

5HhI  0  Ml 

ah«0M9hi 

uSoNzszai 


909909 
9  *4  *4  *4  CM  *4 


|  9 

ilstttss 


<Ne»OHNMjin<N 


81 


s 


N 

» 

9 

CM 


9 


o 

rv 

•h  o 


© 

o 


N  HH 

o  o  o 

J  I  I 

S'CM©©CMf4CM©s!8!©S'<MO 

©  »H  •HHM  •  H  <  9*  9s  M  H  ^ 


N  IflOHNNSf  NJ'HHNrtN 

O  •  lf|  N  •  •  •  H  o  >A  N  N  •  •  ■ 


J'fWWKfO'fl 


NNH440MOO  _  _ _ __ 

lOSNO^HHO  •  U|  N  N  O  4  N  O 
•H 


o  o  m  10  CO 

"‘lO'CM 

©  ©  © 


o  o  to  <t  e  o 

O  O  <0  H  ©  O  _  ,  - 

O  O  O  ©  S'  O  ffWWKtf1®', 

O  O  O  •  N  O  ©  ©  •  N9*^ 

O©  •  N  ©  •  CJ  N  N  H  •  >t  •  ® 

OOHM  SO  lAlAS^HNtfl  • 

•  ><040^^0  -  •  ©  O'  ©  •  M 

NHHlt)  •  •  sO  •IQMHHMHNN 


M  < 

©  1 

I 


M 

$ 


© 

O' 

© 

8  HI 
*4  O  -  © 


ss 

ss 

•  HI 
CM  O 
O  S'  S. 


O  CM 
O 


NOOOHOOMNIA 

SOMOOO^MNHI 

ooomrAomoo 

* 


O  HI  O 

•  •  •  O  O  S  H  ^ 

OOHIAON^NOIA 
IONOIAOOO  •  S'  ©  © 
NNHNHHHHHNN 


© 

H 

O' 

© 

pH 

© 

III 

CM 

* 

s 

© 

pH 

©  o 

o 

CM 

o 

© 

o 

o 

o 

© 

rH 

« 

CM 

© 

© 

o 

© 

CM 

© 

o 

© 

•H 

CM 

Hi 

© 

© 

• 

© 

H 

CM 

• 

S 

r* 

© 

© 

© 

© 

CM  O 

o 

© 

K 

o 

o 

o 

S' 

© 

© 

© 

s. 

o 

© 

© 

© 

o 

© 

S' 

© 

© 

© 

S' 

© 

CM 

O 

Hi 

© 

© 

Hi 

© 

© 

« 

Hi  © 

a 

K 

S» 

o 

© 

© 

© 

s» 

CM 

© 

Hi 

© 

o 

o 

s. 

© 

o 

© 

S' 

« 

CM 

H 

© 

O' 

o 

© 

S' 

© 

© 

s- 

s» 

Hi 

© 

©  o 

o 

« 

© 

o 

© 

© 

■ 

• 

s. 

O 

© 

o 

© 

© 

« 

■ 

• 

O 

© 

© 

o 

o 

• 

• 

© 

o 

© 

© 

© 

• 

• 

s  § 

o 

© 

S' 

CM 

CM 

© 

© 

• 

S' 

• 

© 

• 

■ 

© 

o 

© 

© 

s. 

• 

« 

CM 

© 

© 

© 

3 

o 

H 

o 

O 

© 

© 

o 

O 

CM 

K 

d 

© 

© 

tv 

a 

CM 

CM 

© 

o 

© 

© 

O 

o 

S' 

* 

CM 

o 

© 

o 

CM 

CM 

CM 

• 

© 

CM 

CM 

o 

© 

2  o  • 

« 

S'  o 

© 

© 

o  • 

© 

© 

■ 

© 

© 

© 

CM 

© 

© 

© 

© 

• 

s> 

© 

© 

Hi 

© 

© 

© 

CM 

H 

• 

• 

• 

© 

© 

©  •  CM 

© 

pH 

©  • 

• 

© 

•  © 

© 

© 

H 

© 

H 

CM 

r* 

CM 

CM 

«H 

s» 

*4 

H 

Hi 

P4 

*4 

CM 

S' 

u 

(X 


s 

s« 


a 


O' 

O' 


O' 

o 


M  HI  10  IO 


O  © 
S'  CM 


CM  i 
10  - 
CM 

CM  O  l 


o  s 

O  © 


CM 

O 

I  10  *4  S' 

lotos 

WON 
IOON 
I  O  *10 
I  CM  *H  • 


I  I 
Ul  Ul 

O'  O'  CS  ©  ©  o  o  *  ©  ©o 

H  H  O  U|  ©  O  *4  CO  S'  © 

O  O  *4  3  O'© 

HHSid  O  O  O'  .  O'  o 
H  H  •  •  •  O  ©  •  N  S  • 

H  H  N  O  N  0  0  0(0  SO 

NCMOO0©  •  •  (0  (0  O  HI  <t  O 
•  •  ©  ©  ©  ‘MnNi}  •  •  m  • 


IOUIMSOOOHI 
(AlANMHlA9'<t 
-“‘'*'®SS* 
OOO 

■  O' 

CM  CM  © 

•  •'vvHI  •  ©  © 
ioiannhihns 


o  o 
©  © 


CM  CM  ©  © 
HI  HI  S  O  1 

•  •  ©  ©  I 


OOMHOMSMHOM 

OHHOOHWW^OO 

oiahoohi^ssso 
O  HI  O'  •  •  •  •  ©  HI  o  10 
•  •  •  *4  O  ©  ©  ©  •  *9 
OOOOOS^CMOM  • 
IflCMtOOOMO  -sow 

NNHSHHHHHNS 


t. 


OOlOHIOHtfO'O 
0©©l00©©l0l0 
OWMSOOHMin 
©  IO  HC  •  •  •  'MM 
•  •  •  o  o  H  S  N  • 
©OMCMOS.HIHIO' 
U|  CM  ©  ©  O  ©  ©  •  >0 

CMNHKHHHHH 


>0 

©  M 


i 


O'  10 

HI  o 


©  ©  © 

oosonSshho 

©  •©©©©S-MIO 


OOOO  10  © 

OO'flC  *  O 

O  O  O'  O'  pH  © 


lfllO©©IO©n«© 

FI  w  •  g  r*  m  •  m  T  W’  »*  r*  wm  a  a  «  9*  <T  O  OOHSOMHIO 

HHlflOSOSHNNNNNN  ©  ©  O'  *  HO  H  H  M  M  O  10  N  H 

HI  «  ©  ©  10  S  ©  IO  ©  HH  M  CO  O'  HI  ©  O  S'  •  O'©  HI  HI  •  •  ©  ©  CM  © 

•HO  *  '  •  H  o  cy  HI  HI  •  •  •  ©  ©  ■  CM  Q  •  CM  CM  CM  ©  •  IO  •  © 

OSHOSWgdHHHHWnl  O  O  CM  10  ©  ©  *4  Hi  ©  ©  ©  ©  ©  • 

I  S  S  ©  HI  HI  HI  O  •  ©  CM  CM  O'  ©  S'  O  •  •©HOMO©  •  *  ©  ©  CM  •  IO  © 
•  H  •  fH  HI  HI  HI  CM  iH  •  •  •  HI  *  *  •  N  H  H  O  •  *3  '©©HHHIHNS 


Of  IMO^MH  IAHM 
lS4'OOHNM«M«* 
ilOOSOOMMIHCMH 


O  ©  - 

o  r- 

O  L.  _  _  _  _ _ _ _ 

O  ©  K  •  •  •  •  ©  O’  CM  O' 
•  •  •  HI  ©  CM  O'  10  •  •  © 
OHCMNdHirHIOO  • 
©  ©  ©  CM  ©  ©  ©  •©©© 
(MNHSHHHHHNS 


I 


s 


I  I  I 

M  Hi  M 


WWUI 

OO^IAOOOCMHIOMHOS  OOH©  ©O 

©  ©  •  ©  ©  ©  -  CM  ©  ©  ©  ©  ©  r4  OO©©  ©O 

©  O'  CM  ©©  ©  ©  nl  ©  ©  ©  ©  ©  n«  O  O  CM  ©  HI  O 

OM©©MMO©fSSO0®  O  ©  CO  •  «  « 


HO  •  ©  O 


O  O  CM  HI  HI 

©©©©©©10©  S'  s.  ©  ©  ©  O  ©  CO  •  © 

•  ©  O'  '  *  *  V  O  O  H  H  •  •  •  OO  •  H  H 

oigsoosoiflNNHUMfl  ©  ©  cm  ©  O' 

S  S  ©  ©  ©  ©  O'  •  ©  CM  CM  O'  ©  S'  o  •  •  ©  HI  o  © 
H  •HMMMHH  •  •  •  ©  ©  ©  *CMHHM  •  • 


_  O  10  ©  ©  ©  < 

CMCM©H'©©©CM 

ssoooo 

CM  CM  •  •  S'  CM  ©  O 
CM  CM  ©  ©  •  ©  •  © 
OO©©©©©* 
•  •  ©  ©  CM  «©© 

©©HHMHNS 


0©iHOOO©©0'©0' 
0©©©0Hir*©©«tM 
OS'CMS'©0'©©CS©0* 
O  ©  ©  .  .  .  .  CM  ©  ©  O 
•  •  •  O  O  H  O  9  •© 

OCNKOMCM©C  • 
©  CM  ©  ©  ©  ©  ©  •  ©  ©  © 

<MCMH©HHHHHNS 


* 

t 


H« 

l 


.  o  e 


©©S©CMO©© 
SSNmCSWW 
NMSMHMOH 
CM  CM  •  •  O  O  O  © 
CM  CM  ©  CM  •  H  •  O 

or ohs©o  • 

i  •  •  ©  O'  CM  •  ©  © 

•rr hhmhns 


e  s* 
o  © 


isissssas 

OOOCONMMHCH 
©  ©  ©  •  •  •  •  O  CM  O  © 
•  •  •  H  o  o  N  H  •  •  O 


^NNOCH©CC 
CM  CM 


8  CM  ©  ©  ©  ©  O'  •©©© 


3 

© 

*• 

3 


3 

5 


m 

I 


SajJ  e9§  <“i  z5<2  ui  1 
»2S»»3SSS*1?99&2.«  ^SslsrilS  SSSS*  £«  2 
Saisaasl&giSEsssssiigfiSsiSIaeefittSfcs*  «= 

SSSSSaaaSSRSSaSiSSSSSSSKKitKSfcSSSSSgS  3 


SS5! 

££  £! 

£3! 


S^5l: 
tt  f  4! 


:S: 

5: 


80'  ©  |H  CM  ©  ©  © 

®r rr r rr 


82 


u 


■§\ 


SO  O  O' 
O  O  O  I 
OOON 
CO  O  O  >0  • 

MO  •  10  I 

N  •  O  O  I 

•  O  O  •  < 

N  H  H  i 


MOO<tOlflNNi 
rtOOOON  -  •  I 

COOM  •  •  N  CO  « 

NOOO'O'nOnTO' 
MO  •  *  O  <*  00  O'  ( 
»H  •ONHN^'fli 

•  O  O  •  so  o  o  to 

sflNHHO'OMH 
I  I  I 


III 

(00010H9'M9>H 
'OOOKMH  •  ■  »H 

*H  O  O  <0  - 

NOOBCf^DH 

MO  •'CMO'tf'NS 
O  •  O  i*  CO  O'  <fr  O'  M 
•  OO  *  'O  <0  CO  <o  O  i 

I  I  I 


H1000N<JN*HO 

m  o  o  m  »-c  <r  •  •  o 
N  O  O  IA  •  •  CO  tfl  M 

nOOOO'IAM^'O* 

MO  •COO'AMON 
O'  *  O  H  ^  M  H  H  <t 
•OO  •  >0  O'  O'  i  o 
IANNH«9'MH  •  • 

I  I  I 


OOOO  9'COO'0'£OOOOMM**'0IA 

OOOO  OMOttUIOOOOM^M^HM 

OOOO  QKOOCOOOOOOCO'O'OOO 

OOOO  COMO'OMOOO  •  •  •NCOMH 

OOOO  «  W  •  •  •  •  •  •©  Iflrt  «f  •  •  CO 

•'*'*'$’  OMO^MOOOO<t9‘OtAS  • 

O  CO  •  •  O  •  ,iAM(0't'f'tO'C<0  •  <6  O 

>  •  H  H  H  H  •HHNMrt'C'fl'CHHHHHNN 


OOOO  »MOfA0OOOOHNMAUIM 
OOOO  BlAO^BOOOOBMMMNC' 
OOOO  HOOOiAQOOOHO'IAttlA^ 
OOOO  tflvOONCQOOO  •  •  'lAMlAO 

OOOO  'Oin  •  •  •  •  *  •  O  N  N  •  •  M 

•'*<*>*’  OMO^-'OOOOOOO'OtA'O  • 

co  •  •  •  o  •  •40f*c0'*>fr>j'0'©co  •  *  in  n- 

H  H  H  H  <HHNNH<04<OHHHHHNN 


OOOO  lAMO^’OOeoOlACOHO^tfl 

OOOO  <OHOKtOOOOO«  OM^HO' 

OOOO  W9'OHHOOOOMM<fH<tN 

OOOO  KtfOO'NOO©  •  • 

OOOO  «m  •  •  •  *  •  ‘  O  O'  l/|  O  •  •  »H 

•  *  <*  •*  0M09>M0000MNH^9'  • 

i  CO  •  O  <l/|M(0<t^<tO<00  •  <4  ^  <0 

>  HH  HH  <HHMNH<0<0<0HHHHHMN 


OOOO  (04OM9>OOOONN<t<t^H 
OOOO  MOOttNOOOOMMMUIMtA 
OOOO  £‘'0OK'*OOOO*C0HINOn? 
OOOO  ^IflO^NOOO  •  •  •  H  M  tfl  Kt 

OOOO  CO  tA  •  •  •  •  •  •  O  N  «  M  •  *S 

ONOO'NOOOOHIO'H'BCQ  • 
CO  •  •  •  O  •  •lAMCO<f<t<fO'OlO  '<o5tA 
H  H  H  H  <HHMNH<0<0<0HHHHHNN 


>  HOOMMM^<0 

)  O'OOM^  0<TH 

»  (OOOOCOO^O 

)  O  O  •  •  •  KUOH 

CO  •  O  IA  H  •  •  * 
'  HOO^O'HIAN 

iOM^OOCOCOO^ 
I  •  •  <0  H  H  H  MHM 


I  O  to  O'  M  NOOHNMlfllA 
I  O  O  <f  <t  (OOOOHOMM 
lOO'OO  OOOHO'OOW 
IOHION  COO  •  •  •  HMIA 
I  •  •  »  •  N  •  O  flN  N  •  •  • 
tO  <0tA<t  MOOOOIAIAO 
><tCOt/tMOM<tO<0  (0  N<ttO 
•  M  Kl  O  N  •  <OHHHNHM 


I  I 

IAJ  IAJ 

IMHOONO  4AOOIAC0C0O* 
\  <HO(0MM  ^OO^OOO'fH 
•MtflOHNH  9'OONHIO<H*> 
)  sJ’  r-4  O  O  O  O'  >r  O  •  •  <  <ON<f 

ION  •  •  •  •  O  •  O  O'  10  ••• 

tOMOHOO'  NOONMO<tff' 
IOO  <t^  tflNONvf  0  0«N<0<t 
)  HI  <MMOM  •  <OHHHMHN 
a 


t  IAJ 

lOMON  NOONN<t^9' 
t  O  M  O'  CO  OOONMIAUIKI 

I  O  O  Kl  N  HOOC'OCONO 

’  O  «H  CO  <*  O'  O  •  •  *0*110 

I  •  •  •  •  O  •  O  N  <0  *  <  * 

•  O  *1  M  O'  HOOKtCOOOO 

l^9>IANOM<f  000(00^ 

•  N  M  <t  N  •  <<OHHHNHN 


O'  ©  ©  <9  O'  O'  N  *  * 
NOO  JOH  •  •  sO 

NOOK  •  •  *1  *1  H 

OOO^lAC0OH(0 
MO  •HIANNO'N 
CO  •  O  M  <#  O'  O'  ^  tfl 
•OO  •  <0  ^  N  ♦  <0  i 

IflNHHOO'MH  • 

I  I  I 


OOOO  HNtOHOOOOOOHlOONO' 
OOOO  MOOHNOOOOiflOMNOO 
OOOO  NO'OOOOOOOOMM^OO 
OOOO  ^H'OOMMOOO  •  •  •  O'  <o  <0  M 

OOOO  O'  U!  . OOHIA  •  •  M 

•  ^  ^  4  ONOONOOOO<tOHNN  • 
OOCO  •  •  •  o  •  •lAN«<t'0<00'0^  •<0^lf) 
•  •  H  H  H  H  <HHMNH<04<dHHHHHNN 


O'O'NOONIAH  <000(QH<t<AM 

O'  <0  <OONHH  COOOlA'tONO' 

O'  -KtHONMO  NOO<OHNO<<0 

O'lA'OCOO'OMH  HO  •  •  <0"0<0 

OlANN  •  •  •  •  N.  •  O  (0  H  ... 

N  <f  O'  lA  O  moO'  HOOOOHNN 

H-ONOOOlANONOO'OO'BOO 
•  CO  M  <  M  H  <J  N  .  -OHHHNHN 
I  I 


OOONIAOOOO 
M  O  ON  N  •  •  •  O' 

SO  O  <t  •  IA  O  H  O 

OONOCDHNKI 
MO  •*’OU1COO'*1 
N  •  O  M  'O  O  N«  N.  N. 

•  O  O  •  <A  O  <0  O'  <o  i 

tANHHQHHH  • 


OOOO  lA^OONOOOOlAOHIA'OlA 
OOOO  ONOOHOOOOlAHOOlAO 
OOOO  tOOOOlAOOOOHOHOHO 
OOOO  MCOOKN.OOO  •  •  •  N  •  O'  N 

OOOO  *  10 . .  O  K  CO  •  •  N* 

•  <T  <T  <*  OMO<OHOOOO<OHH0<O  • 

ico  •  •  •  o  •  *iam®  <r  <f  ^  e  off1  •*** 

<  H  H  H  H  <HHNNH<0<0<0HHHHHNN 


SlA<tO  OOHO  MOOtAOMlAO 

N«  •  O'  O  N  N  O'  NO  OlAHOOlA 

O'  >0001000  H  O  O  H  o  Q^H 

C'OHHO'JON  *1  O  •  •  •  «  CO  O' 

OOCOM  •  •  •  •  in  •  o  o  n.  .  .. 

N-ONNOCOOO  HOOOHHQO 

HOCDO<tC'<OMON<rO'O^COO<t 
•  (0  M  •  N  HI  <fr  N  .  <OHHHMHN 
I  I 


1  4 


0'00*lfl®'<ON© 
B  O  O  ^  M  *  HI 

MOON  •  HI  <0  H  © 
aaoNtAHHHO 
MO  •  N  H  N  O  fl  B 
<0  •ONBHlAOtf 
•OO 

IANHHBHHIM  • 
I  I  I 


>  OOOO  flHONNOOOONHIANMA 

I  OOOO  HMAOHNOOOOIAQJH^O 

>  oooo  oniohoooooia«6hhn 

n  oooo  f  ooiamooo  •  •  •  in  •  hi  m 

3  OOOO  fo  . OOHH  •  *N 

I  •«««  omqcomoooonhim**  • 

9  O  O  CO  •  •  •©  •  'BNO^f  •  <0  «  <* 

•  -  .HHHH  <HHNNHOiOHHHHHNN 


nkbia  in  _  n-  m  <  in  z 

I  H  H  2  k  h  h  H  i  HI  H  I  t  £  *  |  O  •  J  H  H  <#  U1  HI  HI  ^  E  10 

HQjibaahk2<<a2245ac«hhk0M<rhhkNMM2 

k2<ooofifliAibiAiAOttaHaaaa&RKotkkhzzzi 


HMM00BN00OHI 


M^lAONB9'OHNH<ttn'ON«9'OH  «j 
IHHHHHHHNNNNMNNNNNMM  k 


VJ 

&  m  in  u  m 

in  hi  hi  a  _  m  z  hi  m 

Hkkl  m  HiSomHiHi^m  in 

>a*-3HlHl^k-OZHl|-l-l-HlHia 

gOQkSSS&ffKKkkkblt 

NH^tAONBC'OHNWfVAONB 

HIHIHIHIHIH1HIHI********* 


83 


I 

•  y 1 

«'fc  Vi 

Ut| 

Wt] 

•  fr.tr 

c;yj 

tr 


i  *i 


r«44KK0NN4ON 

o  o  * 

P 

N*  O 

(0  (0(MN9<44lfl 

044 

4  O 

CM  CM 

Wt  HI  •  <0  H  (0  (0  N  <\J  H 

o  ©  at 

Ht 

N»  O 

at  at  hi  4 

4NHM 

O  o  ifl 

>4  O 

Hi  >4 

4MH4CUN440NM 

OOP 

O 

<o  O 

OOOO 

<f  <000 

OOP 

CM  O 

O  0 

J4041fl44}«l00 

O  O  CM 

H  O 

O  N  M  H 

O  4  CM 

_•  _> 

*•  #\ 

O'  O' 

o  * 

r*.  cm 


i  i  i 

KO>IAMMHN(0  9<NNIA9>N  000(0  O  O  MMHNHMflM 

N.  CM  N*  CM  >4  n}>  •lANOkO>(OON  O  O  CO  O'  0)0  H  H  >0  M  N  N  MO* 

•ho'  •iamkuonn(O0O'oo  ooiaui  no  o  vOvOHff'vtaunNf 

aNOCOO'NOOlANOOHlAU)  O  O  CO  •  O'  O  NN  •  *10  1/1(0  0 

•IDO*  •  •  ■  O'  O  O'  N  N  •  •  •  OO  •  «f  O*  •  N  N  O  N  •  N  •  CM 

OONNNO'OOHOOOIOO  00>0<0  O'  O  H  H  O  O  O  O  O  • 

OON40<0<0<OIO  •OHHOIOIAO  •  •  «  O'  O  M  vt  O  •  •  4  <0  N  •  Ifl  N> 

•  •  M  •  O'  CM  CM  CM  HI  H  •  •  .MOO  •  CM  H  H  O’  •  •  4  •  O  <0  H  H  M  H  (M  N 


•  00  O'  O 
I  H  O  • 


I  OO  •  *  M>  CO  CM  .  I 
>  4  •  <0  <0  H  H  K1  H  i 


I 

I  OKH  O  O  M>  O'  10  O  ««!ACOlOH9<kO 

I  CO  M  N  OOOO  *H  O  4<O^ONK1H9< 

•  HNO  O  O  H  O  O'  O  HHNMNOON 

'  O  O  <0  O  O  CM  •  <00  NN  •  •  4  M  o  U) 

»•••  O  O  •  0  4  •  (M  N  O'  10  •  O  •  H 

«HON  OOMN  O'  O  OONNOHO  • 

i  O'  m  in  o  •  ‘OOookioo  •  •  <o  to  n  •  o  o 

•MOO  •  M  H  H  10  •  •  4  mOOHHMHNN 


OO^MHOOO'OION  • 
l0N(0NO4(0  •  4  O  IO 

NNHNHHHHHfMN 


OMOHOHNNlfllAM 

OOONO4MCMMN0' 

OOIOHOHO'IOOIOO 
O  N  CD  •  •  •  •  10  M  10  O 
•  •  •  N*  O  O'  N.  K  •  -CM 
00<010000<OIO<0  • 

lO  M  CO  N  o  <o  CO  •  o  m  n 

NCMHIOHHHHHCMN 


0  0<0<OOUKOHO<MO 
OHIOsOOOOHtO'HO' 
OHHIOONMOHON 
O  O'  CM  •  •  •  •  M  N  o  10 
.  .  .  N  o  O'  Ifl  O  •  •  H 
OOMNONNHOO'  • 
lO  (M  <0  N  O  4  O  >404 
nnhnhhhhhnn 


O'  o 
O'  at 
O'  at 

O-  O' 

o  p 


S0CMM0MCQH40 
NONQ4Q  •  0  <4 


<0  O  Ifl 
H<MN 


MHH 

o  o  o 

I  I  1 

til  uj  m 

lOOOOONIAO 

I  •  M  (O  M  M  N  H  N 
M<M10N(MN(M4 
IHUIONCM4MO 
O  O  O  N  N  • 
00400UI44 


O  O  4  N 
OONO 
0  0  4  0 


Or  OHN«(MO 

nnJ^O'mo'I 

NN4MCMCM4Q 
4  4  •  •HO'4M 


OH40OOH04NO 

OHCM40lfl4HNO'^ 


$0*0  f  •  CM  M  0 

H  •  at  •  CM 

•  •  •  4  O 

J  4  O  O  CM  O'  p  O  P  P  O’ 

quimn  • 

o  O'  CM  O'  o 

t40  •  •  0  N  O  M  4  O  •  •  4 

0>  cm  >  O’  at 

at  cm  0  0  o 

r  4  'NHHlfl  .  -  4  •  Ifl  tfl  H 

HMHNN 

CM  CM  H  N*  H 

Iftl  IM  Ul 

r  N  OMOriAMO  ONMMOMO  OONO  KO  0<ttfl04H41fl 

r  N  f  M  *MM  O  •MOlfllflNNH  O  O  M  9>  0  O  MMlOHOOlflO 

O'  <4  O'  OIAUIOMHNOHHMOO  0  0  10  4  4  O  P0HOQHHO 

r  CM  OOOOHONIflNMMOON  5  O  N.  *  HQ  Ifl  tfl  •  •  «  N  O  N 

o  o  .Nio  .  .  >roONN  •  >  •  5  o  •  *  at*  <mcmon  •«  *n 

K  44  _  N«QHHMNO(0  0'0'«00  O  O  M  O'  «  O  N  ^  4  H  N.  H  4  • 

mo  .eoNOoooor  ■  4  h  h  o<  4  n  o  •  -omom^o  •  •  4  r  n  ♦  4  4 

•  •  H  .  >H  .HMMMHH  ■  •  •  M  4  4  •  N  H  H  Ifl  •  •  4  >  Ifl  Ifl  H  H  M  H  N  N 


OON40lOOHU14lfl  * 
SrM®SiflH40iflr  * 
04U|45hOh4hO  * 
5KK  .  .  .  .N04  N  * 

*  >  •  0  O  O  N*  P  •  >  N»  « 

S«H^d4HH«4  .  § 

N  O  4  O  4  4  *444  « 


S  ^  .  CM  O'  H  H  H>  O  O  ^  §  N  Ifl  H  § 

r  CM  MOMONOHN  Nhhm  4  ifl  O  O  O  K  4  Q 

O'  M  IflO'MNOrHlONMMO'lflO  OOM  •  M  O 

SN.  *4N  •  •  -BOMNN  •  •  •  OO  H  • 

•m  cm  o  h  O' a  o  5  5  O' O' O' e  Ht  at  ooh©  00 

•ho  •  o  e  n»  k  e  o  5  h  o  •  4  h  h  o  0  n.  o  •  •  0  at  o  *1  4  < 

.  •  H  .  •  H  .HMMMNH  •  •  *444  •  N  H  H  Ifl  •  *0 


*  Ot  *  Ot  ONN40KHOIN4IA  * 

4  4  r  4  OHNMpIflO  JH44  « 

'  0  P  *H  K  5  *H  O  <0  5  0  *  O  H  H  « 

CM  at  Ht  at  OlflM  •  •  •  .IO0M1A  « 


O  N  4  • 
Ht  •  4  4 
MHNN 


ft  H  MUZ  h  IU  Z  _  ft 

>0  5  0  HI  Q<S  4KB  2  til 

&<I&ShS4h.i540  0  (0  Q  H  5  S  Z  V]  QlUhiO  0 

4Ji>K4|Kf002K40&&ifl  Vi  B  J  2  4  3  2  4  2  £  H  (fl  4  Cat 

>WlKJJSZaP(-(-hh244ifl44SflOh2Sr4lUHJKK4ftM4 

u200000000Q0UilililiiZXSHl&a99fi2KKKKK3ZZS 

rOHNM4lfl4NarOHNM4lfl4NOrOHNM4at4N0rQHCMM4 

4Bla)aia)UtlAlfla)iAlfl4444444444NNNNNNNNNN«000« 


.  *  *  K,  Q  O  H  H  .  *  CM  * 

S0H4  ON(flNr4  •  « 

CM  0  at  O  4  O'  >040  « 


sSilsSsIcSr 

ttSSfctCfcSSl 
SS£8S???S!»  f 


84 


HOOMN'ONMIfl 
SOON^lfl  •  «  0 

hooo  •  -  *  k  m 


OOOO  J'NOMfl  OOOO'ONS'OO'H 
o  a  a  o  ^^n.tdOOOO^NffliA^ffl 


UJ  UI 

ff'NMflOHfOS  IAQO^NvO 

*4  •  M  O  ff1  K1  O  O  ©  -J*  CM  4 

O'  •O'UIOMH^  OOONN^ 

mo  •  •  •  m 

o  m  4  *  •  •  •  *  •  o  9s  O' 

N'O^^OO'H®  CO  O  O  0  0  O 

HHNxf^ONMON'fON^N 
•  ®  H  •  CM  0  0  CM  •  •  >6  H  rl  H  N 

I  I 


NOONU1HO90)  OOOO  Q904H0000 

CM  O  O  0  CM  0  •  •  fs*  OOOO  JNOHO'OOOOl 

SOOfrt  •  -mom  OOOO  noos®oooo 

OOONM't®NO  OOOO  pMMO0A*OOO  • 

mo  •  H  vt  Ifl  «y  O  ^  OOOO  4  . Ol 

co  •oiaoiaohq  •  4  <t  *  o^om^oooo' 
•00<OHNNN900<0  •  •  •  o  •  •IAM999V  O' 

'C  N  H  •  N  N  H  H  •  •  •  H  H  H  H 


NOO<OON^HO  OOOO 

co  o  o  m  m  4  •  •  *  oooo 

NOOH  •  •  N  H  N  OOOO 

ooomcMOOom  oooo 

mo  ■  9  m  ffl  h  h  h  oooo 

N  •  O  H  kfl  N  N  H  ■  >*  4  4 

•oo*r>»0*000oo0  •  •  • 

*  rs*  «H  •  Q  ®  (SI  H  .  .  .  04  04  *+  04 

i  i  i 


HiA04H0000»m^«m>A 
N^OONOOOONMA^ilAO 
(0  WO  NNO  OO  ONNOHK9 
m®OMHOOO  •  •  ■  h  -«  (Mfl 

lA  . .  N  «f  ®  •  •  ^ 

Ocmo*»0OOOOO4O0*>  . 

o  •  •iAW9^9<ro9tfi9m<c<o 

•  •  H  n  9 


I  I 

Ui  UI 

10  0  0  0*4  900IA9«I 

i  •  o  4  4  **  moomf^N-i 

•  wmowsN  o  ©  4  4  n* 
l(00099KI  mo  •  •  *H 

P<f«t  •  ‘  *  4  •  o  W  O'  • 

lOCOOOHm  CO  O  O  *  0  rH  < 

IN^9«HNm0N90NNlN< 

•  H  •  CsJ  m  m  CSJ  •  •  <A  H  H  H  N  i 


o  ©  m  4  >f  o  i 

ammo  m  o  < 

o  m  cm  cm  o  o  i 

OCQ'AN  mo 


O  N-  O  *■  4  O 

>y  m  s  m  o  m  -r 
cm  m  m  cm  •  •  ®  * 


N009' 
m  o  o  4  i 
0  0  0  4 
900NI 

cm  o  -mi 


100104***0 

O  o  CM  o  o  •  •  o 

I  o  O  *  •-••*» 

OONIMON4N 
I  O  •**0444 
I  •  O  O  m  m  *  0  4 

o  o  m  •  <m  m  m  i 

I  N.  04  w4  *  *  m  • 


OOOO  0  CO  O  N*  4  o  ©  o  o  m  *  4  m  CM 

oooo  4mo*ooooorw»**'*«H0 

oooo  m4om*oooo»M^o»MO^ 

oooo  osrommooo  •  •  •  o  n  h  n 

oooo  cm . 0004  •  »  m 

•444  ONQHKOOOOWNW9N  • 

3  0  •  •  •  o  •  •mmo^44om^*mmr* 

.  04  0*  04  04  ’HHNNH444HHH  •  04  CM  0 


i 

I  ills  2$gSE§§§§855;S33; 

**  OOOO  m5o^*MpOOO4*^CMm0 

*»  poop  000*44000  *  •  •  *  m  **  k 

4  oooo  4m . ©40m..* 

*  *444  OcMom^oooo0m4m0- 

moo0  •  •  • o  •  •000444509*400 


8ooo  00004000-  •  •  *  m  ^  k 

ooo  *m . 0400  •  .4 

•  ***  OcMom^oooo0m4m0* 
>0  •  •  •  o  •  •mm0444om0*4m0 


o  o  m  4  0  m  *4 

o  o  f  ^  m  n-  m  »h 

OOHHNHd 
O  •  •  -ONH 

.  O  0  O  •  *  • 
o  o  m  cm  m  *  cm 
4  o  m  r*>  4  m  m 

4  H  H  H  M  HN 


I  $000*044 

00000400 

I  NOO'CO'NNH 

0  o  •  •  •  *  m  0 

04  •  O  4  0  •  •  • 

moocomomoQ 

ocM4omcor^4m 

I  •  •  4  04  04  04  CM  0  CM 


NOOMN#N*SI 

4  O  O  4  0  *  •  •  *> 
*55*  •  *400 
0OOmm«M*mm 
CM  o  •  O  N  o  4  -  a 
4  •0*00  400 

•OO*4K400O< 
4  ^  04  ■  0  *  m  0m  •  • 


0  5  5  m  ■  *000 

0004*^^00^ 

CM  O  •  0  *  0  *  04  o 

f ISJi 

4K  *4  *  *  0 


9009  4mpfM^opOOmmm*KO 

9999  4*O40OOpO4<M404m 

0099  0*-©4**©99©0'M0400 

9999  990^4000  •  •  *0mfM0 

5555  00 . o  m  ia  n  •  •  m 

•444  OCMO*moOOpm^*mK  • 

0  •  •  *9  •  -  0'J  0444540*444 

04  w4  04  04  •XMNMW444WHM  •  H  N  N 


999  40900009900©©*** 

555  005*mpOOO44CMO40 

555  N4§4«C?§$OW^K;S|fl 

555  0CS.O0055O  •  •  ***** 

555  40 . 00^5  •  •  *■ 

444  OCMO44OOOpcM^O00  • 

•  •  •  ©  •  *00044454*  *404 


*N.CMOOO0CM  40 

*0  .  fs.  o  N  *  4  *  O 


*  O  O  4  CM 
O  O  O  0  0*  ' 


0  •  •  •  O  •  *00044404*  *404  04004«00©«M4C4*^40 

04  04  04  04  rtrtNNwiivWNNNHNN  **0  •  CM  0  4  <M  •  •  <  N  N  H  N  HN 


Ui 

0O*CMOO4O 

*  O  •00^4* 

*  <0000^4 
*pM0KO040 
0**0  •  •  •  • 
*>.0000004 

04004000 


^000000* 
CMOO440O4 
*000004^ 
0  o  •  •  •  O  *  * 
4  •  O  O  0  •  •  • 
cMoocM0*»mm 


u.  m  0  m  m  0 

**■220404©  «A|  j 

0040000Z00zr 
0O0U.O£00444*.4 
0440000000000 

0fM040400*O0*M0 


0  0  4  0$ 

0  4  0  0  4  O  0  0  0  0  0 

i0XrtraOJ004  0  0  0  4  r  0 

ri333*£ss:stssitct!is;i 


0ftf0404*t0*O0<M040400*O0  -I 

H^m>«m0mmmNNNNNNNNNN00  0 


a  0  0  urn 

0  0  0  0  020  0 

0  0  0  2  0  00000040  0 

>0,0400400X0000000 

uoou.xxxa.oaocK0»-DXZ 

<M0404**9*O0CM0404K0 

00000000444444444 


00000040  0 

00X0000000 


95 


3 


SSR 

S23 

882 


M  H  H 

o  o  o 

I  I  I 
gt  IU  HI 


? 

ssa  3  _ 

H«  •  M  K  f MHM 

co  *  m  m  id  *  *  o  id  *  id 
•  4  Id  -4  N  O  »9  ^  •  •  • 

Id  *  op  M  >A  N  N  N  ^  H  ^ 
iNMdOHONONHHOMO 


UMMdMd 
N  ^  < 


3 

M 


id  e  hia^non^h 

NO  KUI^NKO^O 


MN 
♦  ON 
d  NN 
»  •  fs. 

SCO  M 

Id  Id 


£  Id  ID 
d  <t  H 
ONIfl 
O  K  *> 


*«_  K  *  *g[i[M»M 

*<«•  m  •  n«3««« 

rtH  .  4  O  »«4NNN 

*28  8  o 

U)  W  Id  CSI  #4  KMMOHO 
14  ^NONIONONHHHNHI 
'  N  •  N  •  •  •  N  •  •  •  •  Id  Id  Id 


in  hi  mi 

MNN40NHN4440IAH  O  QHId 
4  04IAMN  •  O  *  O  Q  id  id  O  OONH 
*  Id  •KONHHNIfllAlANN  oonm 

r  PO^OIdOlAOlAlAOdlA  f  Ort  • 

•  is  •  •  •  o  «  m  in  •  •  •  oo  •  id 

dM^NMdHOMMldNOO  - 

iN^NNNNId  •  M  N  N  N  N  i  O 
•N  •  O  NNNNH  •  •  •  Id  Id  Id  • 


M  O 
*N  • 

e  o 

'•S' 


id  o 

Id  O 


IIS' 


1  o 


NOldOlAM  • 
•  MMMOKN 
4HHN  *MO 


Kldld**ld<Old 
niamnon3n 
KN^^lAONd 
O  40  •  •  OM  MN 
MNMC'  •  O  •  M 
OK^M^flN  • 
I  -  •  N  M  N  O  4  N 
ddHHN 


S*coid§^MoS9>co«d 

o  i  m  <5nn7iaiA4o 

OdMM  *  *  •  M  >4  O  ^  d 

•  •  'NOddN  •  •  «  <4 

SOOOQOMlA^N  •< 

MdMONMONNMM 


SO  MNOlddOldd 

O  OONNOIAIAO 

“•  O  nnnnnonJ 

i  o  o  o  •  «o  NOid 

I  •  IdMKf  •  9 

lO  NNO^-f  ON  • 

>  *  O  •  *«lfld^dO 


dNoifif  o  •  •  +  id  >o  *  *  co 

NN  •  *d  >44HHN  'NO 


4  H  4  O  Id  9< 
H^MOMN 

Id  Is*  CO  •  •  • 
•  •  CSI  O  Id  Ch 
idNdO^N 
Md  N  ON  M 
nhhhnn 
I 


s 

Id  id  CO  id  h 
NM4N4 
O  <t  N  4  h 
N  N  N  z 

§•  •  M  o 

HN  •  U 
4  4  N 

•  H  N  4  8 

E 


ONNONN 
MM  •  O  N  N 
NHII)  «  • 

•  •  4  O  N 

NldlAOO 
M4004 
M  H  rt  H  H 


OCBMO 
id  id  id  o  - 
OHNd 
H44IAM 
•  4  H 

.  ..N  •  OHO 

MO  <4  O  N  O 
•  NMQN  U. 

O  HI 
M  *  id 


NNN 

o  o  o 

I  I  I 


*  4T  K  O  N. 

o 

K 

HI  HI  HI  _ 

5  Id  Id  O'  O 

4  4  040 

a>  Z  m 

H 

• 

4  Id  Id  H  M 

O'  M  H  Id  4 

o  id  •  o  « 

K 

£ 

id 

«  N  N  4  Id 

5ss^«! 

■w.  jm  Z  a>  hi 

^oSooCSg 

O  5  O 

•  H  • 

* 

M 

4  4  “  N 
OMNN4H 

•  •  *  •  Id  4 

33  gS 


NNIA404HN 

^  m  f 

# - - 

w  -■  -  -  M 

M  M  O  O 


_  HMONNM4NO 

d6  0MHH400N 

WO  •  *HONN 

M  ‘  “ 


NWNOW4 
400PNM 
i  Id  d  N  O  H  H 
i  id  Id  •  •  •  • 
•  •  •  4  O  CB  O 
hnnomn 

i  id  co  *  o  id  f- 

IMHf  HNH 


8  8 

o  r 

O  M 

O  O' 


s  * 

o*  id 

s  t 


??? 

sasaa^'isEHsRj 

W  ■#  '«N»tN(KSriN« 

“Rg-^ssssi?''!^ 

.saggssa^ssgia, 

N  H  H 

??? 

sosssstsSlf g*s 


>  ^  o 


ss 

as 


SS?SS: 


I8S28S 

_  _  •  4  4  H  N 

Id  •  O  N  •  MM4H  •  Id  •  4 

:^ai«?lo,,!'<!88S8a« 

I  M  M  *  •  ■  w  •  O  *  Hi  IN  Id  -NN 


s 


IANN004 
Id  N  M  O  id  CO 

H  N  O  O  <4  4 

H  4  •  •  •  • 
•  •  M  O  *  *H 

Id  NN  O  4  IA 
10  O  4  O  W  O 
M  H  4  H  H  H 


8 

4MHM4 
4MHOWOO 
O  HONIb  O 
O  M  H  M  Ub  O 
4  •  -id  O 
Id  9s  N  •  •  O 

4  W  W  H  WOO 
•HN«  HUIO 

l 
s-s 

044NO  M 
Id  H  O  4  •  M 

HNH«  OO 
4  Id  H  N  IMO 
id  •  •  4ZCCO 
4  Id  O  •  O 
4  4  W<0^ 

•HNNlk 

0C4O 


IdO 


i: 


§N  K  Id  id  o  l.  _ 

444M444M  0-0 

44  OH4NIOH  O  4 

O  O  •  •  4  O  N  W  O  N 

-  —  “  NMMW  ‘N  *r 


•  r*  o  •  •  •  m  o  o  ©  o  •  •  •  o  o  *  h  .  _  —  —  ...  - 

N4WHONM0044NQN  5  5  W  4  ^  4  O  ^  4  4  M  N  O  f  N  • 

N  w  N  Id  4  id  O  •  4  N  H  4  w  Id  O  •  •OWOMfO  •  •  4  O  N  4  4  4 
M  >4MNNHH  •  •  •  Id  *  ♦  •  NHH  4  •  •  4  •  4  4  H  H  Id  •  M  N 


8  R  8?SSS2^8!!3S8| 

8  3  SSU&SSSSSSiKSSS 

O  O  *4N  •  •  ‘N0044  •  •  • 

N  pH  4N444Hlfl04WlA00Q 
MO  'OONW44WWW  •nnnZwwo 
•  .  H  •  •  M  *4NNMNN  •  •  •  Id  *  • 


IMMIIIK04M 


OQ44WN4W 
«0  WWMHONNW 
*  ©  ©  ©  ♦  •  ©  O'  O'  O' 

4  •  M  M  ©  M  *H  *N 

44  4 O  MMNN40W  • 

040M40  •  *40M  *104 
»N  -O’  •  •  4  »44HHMHMN 


s 


M  N  M  O  Id  Id 
‘OW04N 
_  NHOOH 

N  4  •  •  •  • 

ill  o  id  id 

_  . . .  M  O  M  N 
M  O  4  O  4  CO 
nhnhhh 

I 


o  id  m  o  id  id 

4  104044 
4  H  f  O  M  H 
id  id  •  •  •  • 
*  •  id  o  o  M 

44HONH 

N00044 

nhwhhh 


►  e  Saw  at  I  5 “ 5 

25883g£a8i29oa2-!  8832*! 


Ifc  0C 

a  ! 


8  ♦  8  w 

K 

& 

abi 

xSt 

id  M  * 

tfcSSSS 

O 

£££§ 

H  1-  ►- 
fNH 

»OriNM« 

N««C«* 

1 

8 

aaas 

40N 

044 

Id  O'  N  O  I  K4 
4W4IO 
H  4  M  H  * 

«  id  r*>  id  &  _ 

H  • -M-Z 
^  Id  1^  •  IdO 
4444 ^M4 

•  H  M  N  &  M 

lr 

i: 

_  H  HI 

O  O  *  M  _  mi 
m  O  4  W  Z  J 

£  £  £  s* 

4  4  4  4  KU 

H  •  N  U 

o  id  id  •  fi 

•  *  id  *  £«h 

HHNN&ZH 

H  O 

I  fe*  -J 

gis 

IxSr^S 

SS22§2 

a828|| 


°.g 


86 


«*  o  e 

kON 

HfiHQ 

HOOO 

MNNQ 

good 

o  o  o 


OOHf 

o  o  u  o 

fo  (Si  O 
O^O 

o  <  o 


anuu^oo 

M  QutfeON 
M  kHAHO 

o  uhSoq 

eg  •  M  N  N  N  O 
<000000 

811100000 
KOOOOO 


* 

IU  O  O  O  O  4  <Q 
U.  OOOO? 
Ik  00000 

o  o  o  <g  o 
•  00000 
<ft  o  o  o  o  o  o 

MWOOOUO 

_  5  0  o  o  o  o 


uood 

MNNN 

OOOO 

OOOO 

OOOO 


Ui  UJ  UJ  UJ 

NU<OM 
**  O  O  M 
NNNO 

oook 

NNMO 

*0*0 


oSSSSSS 
8  8S8I8 

•NMNNN 

jililli 

Ik 

OK  *  O  Ml  Ml  Ml  III 
WHUMkkS 

a i  85835 
|S«SSSS2 

2  IMNNNNO 
2 1 5**000 

M 

«  r  5  •  ^  *  * 

IJjsiss 

Is: 

x  m  iy 


8-88288  8-88228 

M  k  h  A  h  p  eg  k^AHQ 

O  IIIHOOS  O  WHOOQ 
eg  •  m  <v  n  n  o  m  •  m  eg  esi  eg  p 
<000000  <000000 

OUJOOOOO  OUJQOOOp 

o 5 o o o o 0  oSooooo 

§  i 

WOOOOOA  Ml  o  o  o  o  o  O 

Ik  OOOO*  Ik  OOOO* 

Ik  oooop  Ik  OOOOO 

oopeyp  00000 

e  MoSoeSo 

-3388S8  -888888 

ossssss  fassssi 

8  88881  t  88888 

•NMNNN  ■  N  M  N  N  N 

<•90000  saostis 

2888888  2888888 

8288828  5S888K8 

al  85835  al  82885  a 
1S«SSSS2  ls»|ggg2  2 

5  IU  NNNNO  a  HNMNNO  3 
Ziiff'Oia  2 

§»_  §*_  i 

“,-2*28*  ?Za*2i*  ; 

8&ce888  SizSils  8 

ell  eis  t 


p2*ssgw  i 

lisi.isicilsi. 

!EC8w  S 

hSS  8 

ifll  i 

ooo&oo 000000$ 


*5 <  o  * <  <  p  * 

x8u  1*1-  iz 

a  S  o  a  Q  o  a 

isVxNj  ssI***-.  ss 

C8„  gC8„  SEC 

is!  Ms!  It 

m  ilii  1? 

SoooooooiiSSoooooooS 


lAOONHtf  HHN 

OOONM*  •  *M 
noon  •  •  111  o  eg 
*ooooooH»g 

MO  'UIOH^NH 
O  <000**00 
•OOTMNOMMl 
NKh*NNMM « 

I  I  I 


SOPMHH^^g 
O  O  M  MC  •  »H 
O  O  N-  ♦  *  N  O  « 
MOOf NO^NM 
MO  •  *  K  ©  *  *  *. 
in  •  o  n  m  n  ifl  g  N 
•  OOAHONNMI 


MOPO^JAHOO 
^OONHN  •  •  H 

•MOO*  •  ‘  O  IO  M 

MoeoNiAgoA 


•  ooiqhnonmi 
K  K  H  •  N  N  H  H  • 

I  1  I 


lOoOHHg  «  .  2 

*  o  O  N  •  •  *  O  M) 

nponma*m* 
mo  *mouimmn 
m  ‘ONONoeo 
•000^0K<g*0' 

N  N  H  •  •  N  H  H  •  • 

I  I  I 


OOPh**mnn 

Sooooo  •  •  in 
pom  •  •  #h  *  m 
NOPMQAM^Ut 
MO  •awnoan 

eg  •ooo*ooeg 

•OOAHNKNIOI 


hoon^wohS 
epdAON  •  •  • 
o  5  o  o  •  •  *  m  * 
egSSmopOOK 
mo  •*mo*oo 
h  •pooppom 

•pOO£OKM*< 
N  N  M  •  O  N  H  M  • 

I  I  I 


HNhK 


mo  •  O  *  m  eg  *  m 

O iONPASQA 

.ooohnnnio 


ifil  t 

:|SS  3 


OOOO  * 

p  0  p  o  «g 

OOOO  #* 

poop  o 
0000  * 

•  *  *  *  © 
►  eo  •  •  •  o  * 


§0000  m 

0000  o 
000  m 
000  p 


§000  * 

000  * 

OOOO  H 
OOOO  o 

^838  3 

1  AO  •  O 


p  O  O  O  o 

OOOO  m 

OOOO  H 

§000  •-! 

000  p 

•  *  *  *  o 

I  B  •  •  •  O  • 

•  H  H  U  M  •  H 


888  3 

OOO  H 

§0  O  O 

88  S 


8888  3 

S©o|  m 
poop  h 
5ooo  0 

****^o 

@  eo  •  •  •  • 

•  H  H  H  H  •  H 


hk 

w — 5 8 5 * 5 ♦ a 
Sg32C|tcl55i5|5%8 

oj  k  3  «  a  5  0  a  a  u.  u.  u.  u.  3  3  smS 

8  >4NM«lll4Ka»eHNM««4N 


87 


*j 


88 


§ 

o 

2 


4©  IflUHBIAtf  «OM 
O  O  QUIHHNMHN 
OO 

M  ©  *  <0  •  *4444 

H  •  MK  H<«  '  <0  >M 


00009* 

M  • 


M 

t 


9oe«9i 

h  •  •  •  -i 


<6N9<MOU1<M 
1  •  •  N  M  <M  <6  <6  N 
<  N  <6  H  H  N  •  N  9« 


0000400440 


38 

HO  _  _ _ _ 

MO  mo  •  *NOOO 
M  •  mnon  *9 
OO  UINOMOOM  • 


SU16N0N60 
NN90N0H 


NM MONK 


OMNNOHHMKMH 

'  H  O  H  O  O  •  M 

S0N-909WU1HN  • 
wjJ  JNONM696N 


0N900««^»MU| 
06<flS06NKH>f  O 
ONlfl  *0<M^N9>0H 
0  9N0  •  •  •  O  O  O  O 
•  •  •  H  O  o  N  7  .  .  I A 
QOOOOOMOsrM* 
U|M9*MONM6<MNN 
NNHHHHH  •  H  CM  9< 


O 

I 


f 0009N6NN 
9  S  O  Ul  6  O  •  •  « 
MO  09  •  •  N  H  9 

N00MM09NH 
POO  •6NOH99 

m  •oo-otfiiouidi 
•OOMH6NNNI 
O  N  H  •  O  N  H  H  • 

I  I  I 


o  o  o  o 
o  o  o  o 
o  o  o  o 

80  0  0 
o  o  o 
_  •  4  4  4 

o  o  •  •  •  < 


I 


^ _ 69UIN9H 

dl  O  O  N  9  N  *  •  M 
0009*  •  jNMO 
600N009IA0 
MO  •  H  9  H  O  f  9 
M  •  O  <6  O  M  9  O  <6 
•OOMHN6NNO 
O  N  H  «  K  N  H  H  •  • 

I  I  I 


o  o  o  o 
o  o  o  o 
o  o  o  o 
o  o  o  o 
o  o  o  o 
_  •  '»■'•'  -»■ 
O  O  *  *  *  i 


MM 

4  IA 

S3 

88 


23 

28 


< 

► 


f*. 

M 


H  O 
M  • 


88 

S°. 


009004^0 


{AUI9N90MIA 
9U1NHMHNN 
MNOIOHOM4 
M  CO  •  •  N  N  9  6 
M  NHN  •  <M  •  M 
4  N9MOMN  • 
•  <MMNN4N 


HI  M 

Z  3 

-  "I 

9* 

M  O  O  O  O  < 


K 

3 

M 


M  O 
O  O 
H  O 


I  _  O  O 
004 


HIQ4MOU14N 
UMAONH4M6 
4<MN0Q0MM 
MO  •  •04410 
K1NBO  jO  •  lA 
_  MNOMA4N • 
40  •  *<MMNNNN 
<4  .N4HHM  •  M  9 


OMN4Q4NOONIO 
O04MO(Mf4H9NN 
2p2£.j®<o|a«mm4 
O  4  C  M  •  •  •  N  <M  4  4 
•  •  •  H  O  H  N  <M  •  •  M 
9UIN409MHHN  • 
IAM9NONMK44N 
NNHHHHH  •  HM  9 


0U1Mfl04NlflM4N 

Sgl^gRSSSS* 

O  9  MM  •  •  4  4  9  A 
•  •  •MOfilOO  •  •  |A 

S99SOOM44N  • 
MM9MONMSMSN 
MNNHHHN  -HN  9 


M 

O 

I 

Ml 

900NN44M4 
OOOMMIA  •  *4 
lAOOO  •  •  M  M  M 

- •  “  ^  “I9«4 


600H«09(09  _  w 

M  O  •  M  4  «A  M  O  £  OOOO  4© 
H.OM4U11040  -444  ON 

•004M6NNN000  •  O  *  • 

<0  N  H  •  O  N  H  H  •  •  •  H  H  H  H  •  H  N 

I  I  I 


OOOO  0*4 
OOOO  «  M 
OOOO  ON 
OOOO  4  IA 
OOOO 
444 

o 


I 

40QIAM440M 
fOOQfilfl  <  •  4 
0  0  0  4  •  •  K  M  M 
400044(04N 
MO  •  M  B  4  N  Ul  9 
O  •  O  ©  O  M  9*  O  4 
■OO  4H  N  4ft/NO< 
V  N  H  •  N  N  H  H  •  • 

I  I  I 


OOOO 
OOOO 
OOOO 
OOOO 
OOOO 
•444 
i  90  •  •  •  i 


M  CO 
CO  Ov 

28 


N 

4 

IA 

HI 

go, 


N  40  4U1HHOHNC 

O  O  OIIIMHNBNM 

M  OO  BNMHHBlAH 

•  3°  Sf  ?  J  •  2  M  i 

•  O  •  M  9-  M  O  •  o  •  M 

N  OO  NK9M A4M  • 

•400440  •  •NMNN4N 
'H  •  •  •  4  <N4HHN  •  M  4 


04mBqhhh*n« 

§nomSmhbMkn 

o  M  •  O  M  H  i  p  Ifl  H 

4  0  4*  •  •  M  M  M  4 

a  •  •  M  O  M  O  O  •  •  M 

aU)N4d9M4HN  • 
A4NOMMNf 4K 
M  N  H  H  H  HH  •  H  N  4 


O 

I 


4004MUINk!H 
HQdNHN  ♦  •  M 

SoSS-bhJSJ 

c^oiasssa 


o  o 


OOOO  mo 

OOOO  4N* 
OOOO  ON 
OOOO  40 
OOOO  40 
•  4  4  4  _  O  N 
A)  •  •  •  O  •  • 


3 


MIA44444M 


OO  O  N  N  4  O  ^ 
40  M  CO  •  *94  «M 
M.  M  K  4  0  •  4  •  O 
OO  HNBMB9N  • 
1440  •  ‘MMMNNK 
*  •  4  •  N  4  H  H  M  •  M  4 


OOM4044444N 

iia:i*Sj§sJ 

sa 


uioonhonhIS 

NOOOMM  •  •  M 
MOON  •  •  N  N  N 
IAOOMK4KM4 
MO  *4Krs440 
•  •040M40M 
•004HIN4MM0 

N  N  H  •  N  N  H  H  •  • 


o  o 


OOOO 

HQ 

8188 

8i 

slsi 

88 

•  4  4  4  „ 

Oh 

1 


M000400440 

m  •  *  •  h  •  •  *  4  • 


ANNH4 
H  O  Ifl  4  M 
M  O  N  N  9  0  M 
M  CO  •  •  4  M  M  M 
M  K  M  m  •  4  •  M 
OK4MANM • 
• 'NMNA4N 
N  4  H  H  M  •  M  4 


0IAM4040MNM4 

Ijiriissssg 

QIAK404MMHM  . 
OM4NOMMC044N 
NNHHrtHH *NM9 


Si 


5 


4  K  M  M  K  < 

i  4  O  M  *  •  - 
*  K  •  •  4  4  ( 

MHH904 
K  IA  «A  K  M  4 


O 
o 

_  _  o  O  O  c 

<*  •  O  M  ui  4  i(|  4  4  *444  6  N 

•  O  G  HI  H  4  N  M  M  O  o  A  •  •  •  O  •  . 

>•  N  H  •  A  N  H  H  *  •  •  H  H  H  H 


•N 
•  M 

it 

.  O  N 


i  &  JA4 

;288fe! 


5  „  S  8  h  8  ♦  E  k»  ^  a  Jlrai 

IssiPfittSiSi  o  tstitttiisi 

SSSSKRRSSRfiSRSSSSS  I  ss&ssg???*? 

ft 


$  lA 


3ifl£3$iz£; 


* 

s 


KIM  tt 

:  ogn 

:%S£ 

I 

HNM4M4NA90HNM4M4NA 


89 


2h2S55onn<dh(0n 
q»oqooomo?nnn 
5»mo5o  •  *  *^iao» 

•  •  •  •  *  •  O  4  IA  N  .  •<« 

S«0OOOO0M<A^M  • 
M^tf^NtONM^NKN 
NNH000HHH  •  A  Cg  9 


SN^  SOO0M0N0 
NN  ^OONNOHO 
r  1  N  9  Q  H  H  ^  OOOMO0I4N 

SA'Nff'HON-tff'  MO  •  •  ••‘40  0 

00WO0O0  f OO«M»0M 
NHNN^ONMON^ONMHNN 
•0M  «NMMN  •  •0MNHNHN 
I  I 


SS^OS^K 

•N?  5  NH 


:?s 

•  0s 

*  N  M 

:$($ 

!  S  ^ ' 

I 


•  00 

M  0  • 

0OO 
•  M  O 
0H0 

I  N  N  0  O  O  I 


NNM 

o  o  o 

I  I  I 
UJ  IAI  Ul 

• NN0N0 
0MM0N0 
•HHHNH 

SNNN^N 
0  0  •  •  • 
M*  K  N.  flO« 
,  N  0  0  ONO 


21 


§00O O OO 0000MH 

85§§§Is2Si#l5 

S0NOOOOOM  (D  ON  • 
M«‘000ONM?00K 
NNH000HHH  *HNO 


I  I 

hfNrtON0f  lijoO0000M 

^  O'  •  N  O  9  9  Q 

J  •  N  0  O  0  M  0  O  ^  Q  0  H  0  0  0 

'‘••OO000  25  O  •  •  *0O0 

>  •  9  ^  •  •  •  •  *0  •  o  •  0  •  •  • 

»O^0QOO0  0OO0MOON 

4N0N0ONMON0ONMN00 
•KM  •  M  M  M  N  •  •0HHMNMN 


ZZ 


l  0  M 
:  *  9 


9  9  01 
•O  9*  0* 
K  0  • 
00O 


•r 

90 

10 


0  N  M  S 

I  0  N  N  O  O  O  N  I 


NN  N 

o  o  o 

ig»<s.^c0 

0  M  M 

S00000 
A  in  •  •  • 
K  0  0  OOO 
I  N  K  N  ONO 


< 

at 

u 


O0HOOOO0flH»00 

§N0OO O OO00NN0 

gSggg^SBSS 

8«0OOoS«MM0M  • 

M0000ONM0NNK 
NNM000HHM *HN^ 


o 

I 


10 

? 


O0M0 

N000 


IRKS 

Ul 

90099909 

0OOO09ONS 

000999909 

HO  •  •  *090 

A  i  A  iA  li  •  . 

©9  9* 
Of  N 

Isas 

0*9 

OIAH 

ggssi 

(U  90  90  M 

0000900990 
ONf ONMNNK 

•  •  9  H  M  H  N  H  N 

K  3  90 

~s*. 

NM0 
O00 
0  N 

*.ZSi 

10  90  10 
i  O  N  N  0  I 
.  •  H  •  N 


S 


NNN 

o  o  o 

ID  9  10  90  0*90 

0  0  0  M0M 

006  <0  400 


A  A  900 
S  N  ONO 
•  •  90  90  90 


x 

o 

z 

9 


S0MOOOO000KNN 
009OOOH9O»0KlO 
O0NOOOOMN0MN0 
099000  ••'*■0099 
•  •  •  •  •  *00409  •  •  0 

S0NOOOO0M0MN  • 
K\0  000ONM009K 
NNH000MHH  •HNf‘ 


OO0OOOOM0NKM9 
OMNOOOO  00MOOO 
OOO9QOONM90M9 
O  0  N  5  O  O  •  •  •  M  A  ©  90 
9  90  *9 

OMK0M  • 
NIO0NNK 
NNM909MMM  -HN0 


O 

I 

Ul 


0H9NOMN0  HOO9  09OKK 
09  *90999  0OOM9O00K 

0  'KAONN0  NOOMK0MN 

00  9NO009  90  0  •  •  *909 

09010  •  •  •  •  9  *009  •  •  • 

K0000009  9OO09OOHN 
MH0N0ONWON0ONMN00 
•KH  •  M  90  90  M  •  •  JHHHNHN 

g  g 

i  T 

0nkJ(ok00  8  o  q  «m  9  9  k» 

o  fM  -  9  O  O  9  9  90009909 

o  *990909  K  OONNN0H 

09090090  OO  •  •  *M0O 

SSSSetfOA  8  O  8  9  *  o  9  90 

MMNM9ONMON0ONMNNK 
•  9  M  •  M  90  90  M  •  •0MMMNHN 
I  I 


(SI  (V  (Sf 

O  O  O 

I  I  I 


099  999  O  O  $  $  90  <SI  90 

O  90  ©  9  9  A  900999 

©  *9  9  M  •  €0  0  H  H  NNK 

OOO  0  H  0  9  999999 


(SI 

S  S  O  10  J  ^  O 

MH9009NN000* 

•  9  •  •  H  •  N  *  •  « 


ggS*“!* 

K  90  90  OOO 
M  9  9  Ot  *  “ 
•  •  *909 


190  90 


(SI  N  M 
OOO 
I  I  I 


O  K  9 
O  M  M 
0*9 
Of  H 

s2s. 


•5 


s 


_  N 
M  • 

O  M 


9  9  9  9 

QKN9000NI 


Ul  IAI  411 

0NNK9K 

srgsss 

ggs*-** 

0*-  90  ?0  90  9 
C0  9  9  O  (M  O 
•  •  *  909090 


i 

3 


f^OOOQOf 9N90N 
9^0000*m^90K>9 

iggggs^sfaa 

isiiiiHziiiZ 

NNM0 00MMM >MNO 


list 

iiii 

N  N  H  | 

Hit 

90  90  9  9  O 

882** 

•  9900 

9  O  *  *  9 

90  M  9  M  • 

SSSi 

#0  •  H  N  0 

*TT 

9  9 

** 

9  9  90  90  9  E  9 

SSSSRRESSSi  5 

i  ss 

HNlOf  99K900H 
NNNNNNNNN090  ¥ 

3  M  90 

-  90  90 

*82' 

;ai«; 

g«»v 

K  O  O  90  O  O  O  9  0O60MOOI 
HH9l0f  ONMONf  ONMNf  < 
•KM  *M  10  90  01  •  •0MMMNMI 

M  90 

?  ? 

N  N  H  O  0  A  M  £  O  O  O  90  M  9  9 

9  *90900 

s*5*SS*  *S8.^SSi 

0  9  9*9  •  •  •  •  ©  *ON9  •  •  • 

9*9990000  9  O  Q  9  90  O  9  M 

O  jNMf  ONMONf  QN90NNN 
•  9  90  •  fl  90  90  M  •  -0HMHNHN 

&  9  9  0  9 

M  H  h  I  9  m  2  8  9  90  90  9  9  9 

28S2SSJ£§l8tttSSS 


ohk 
0  9  0 
O  *10 
O  9  90 

gif 


OOQ  M 

(SI  f*  A 

9  0*  0* 

9  90  9  N 

9  8  90  8 

009NN000MI 


(SI  (SI  M 

OOO 

HliiNMN 

8: - 


IAHH990 
‘  10H0 


sis 


NKK 


IN00ONO 
•  •  •  •  90«o m 


N  N  01 
OOO 

I  I  I 


©  90  CM 
OWN 
Sf  N 
M  M  9  < 
•  10  • 

I 


9  O  M 
9  90  *4 


•  (si  9 
9  0  9 
9*  M  9  1 
1  M  •  K 


O 

© 


900909 
9  9  9  990  9 
0  K  K 09  0 
Q  H  M 

N  (I  N  OOO 
i  M  9  O  ©  M  Q 
•  *  •  *  909090 


iii  s3| 

:2i>>SbhSa§S9oaa«  & 

;ssac!5l&sss£t;22S2ii 

8MNn*« jsa»eMNM««uN 


90 


m3  9^iAcgrs.f^co«0«si 

MQ  NN 

sr  5  n*  co  •  •  m  *4  o  9* 

N>  •  M  K  *  10  •  M  •  <4 

OO  M  9*  P  M  P  *4  M  • 

10  4^0  •  «  N  W  W^NN 

.  .  .  >0  •  fl  4  H  H  N  •  M  9* 


$HC4ONM0H(0M 
0*0  -OMO^HNN 
O9M0  •  •  *41(109 
•  •  •  9  O  4  IA  H  •  •  4 
O  0  « O9O0M44M  • 
UM9MONM4MNN 
MNHHHHH  *  H  N  9 


» A  10  O  4IAOIANKIMH  O  4  M  H  O  «  Kt  tf)  (0  M  H 

K  OO  »OiOM*9*M*»fl  OQN^OH4n541A 

O  MO  4M4HOIA9M  004  •  O  ®H  4  4  4  M 


O  MO  *4  0  •  •  M  IA  *4  P 

M  •  M  N  9  4  »  9  *4 

N  OO  NNOMOOM  • 

100900440  •  •  M  M  N  4  4  N 
1  •  •  H  •  •  4  •  •  4  H  H  N  ■  N  9 


M  9*0  9lA4«tAH44 

IA  tO  O  OlAOlA^4NlA 

9*  MO  I0NO44IA44 

M  MO  44  •  <M404 

M  •  M  9>  4  10  •  M  •  4 

«0  OO  HNOMOMM  • 

009*00*0*0  *  'NMNIANN 
•  •  M  •  •  •  4  ‘  O  4  M  M  N  •  N  9 


M  IAO  4IACIAN4NN 

*  MO  *  10  M  M  O  *  N.  M 

M  MO  OMMNHION4 

•  OO  >oo  -  •  4  M  4 

M  •  W  N  O  Ifl  -  10  •  4 

M  OO  O  N  9  M  O  4  N 

1900440  •  •  N  N  3|  4  N 
1  M  •  •  •  4  *04MMN  •  M  9* 


*9  O  M1A94NI 
MO  4NNN9' 
O  O  lO  P  •  '  4  < 

M  •  M  M  K  4  •  I 

O  O  9MQMCI 
10440  •  •  M  M  M  I 

•  9  •  N  4  M  M  M 


m  p  t0l0*O*9»*K 
MO  M  tf|  M  M  O  4  K  4 
MO  HM0MH4IA4 
IAO  IOO  •  •  10  M  10  M 
M  •  MN04  •  M  .  * 

OO  ANAMAON  • 

0  4  4  0  •  *NOM44K 
•  •  •  4  *N4MMM  *M9 


O  4  O  M  •  •  *0940 
•  •  ■  O  O  9  lA  9  *  •  4 
OIAK4O0M0ON  • 
IOM9NONM444N 
MMMMMMM *MM9 


o  9  NM  •  •  *41004 
•  •  *OO4l0N  .  *4 

QOOOOOMM**’ 

3o9MONOIANKK 


04HM0AA4NKN 
Q4400MM9iflNM 
8  4  N  •  5  M  K  IO  M  M  * 
0  4  0  0  •  •  *0  040 
•  •  *00000  •  •  * 

80N409M4MM  • 
M9MOMM444K 
MMMMMMM  •  M  M  9* 


04A40H4NKMQ 
3mnA99>4m4a3 
Sa«  .5NM44H4 
09N0  •  •  *NOOM 
•  •  *99^90  •  •  4 
QAAOOAAN4M  • 

mSIJmonaanmk 


l?3°lsSS?5iS 
8  SSSlSSSSSU 


*1 


ft  j  B  *  : 

2es£i 


Sr  ohm 
4NNM 


IOO  OIA9lA4tA49  9  ^  t  C  O  9  H  H  A  4  9 

si  ssssSss*  fisrlsssy? 

OO  *  P  •  10  p  *  O  69MA  •  •  *0090 

M  ‘  Kl  N  K  4  •  9  •  >0  •  •  •  M  O  N  4  9  •  *4 

OP  NNOMONN  •  Q  P  P  O  f  P  M  M  *  M  • 

0  4  4  0  •  •  M  M  M  4  M  h»  lArt*MOMM4MKK 

.  .  4  •  9-  4  M  M  M  •  M  4*  g  MMMMMMM  •  M  M  9* 

m 

if  g|>5s«  C«  I  slSiis^izSr 

IlSSfSSSSSISi  O  tttltttfclsl 

s«sesssgssss2  2  sssssiss?** 

8 


MpOOM*KMM 
H004W9  •  •  O 
10  O  O  *4  •  •  9*  M  9* 
OOOMIOMIOM* 
*0  •  N  4  A  M  M  4 

O  •  O  9*  M  M  CO  O  * 
•OOMMM4MMO 
9  N  M  •  N  N  M  M 

I  I  I 


NNMOOA 


80  0  0 
O  O  O  4 

O  O  O  o 

OP  •  *  o 


o  o  o  o 
o  o  o  o 
o  o  o  o 
o  o  o  o 
o  o  o  o 
•  *  *  * 


§  K|S 

o  **  o 


90004004^ 

M  o  O  M  *  iO  •  *  * 

4009  •  •  M  10  M 
9 OOMMM49M 
MO  •  A  W  H  W  M  N 
P  •  O  M  M  M  P  O  K 
>OOMMM4MMO< 


SOOM449oK 

O  O  N  O  lA  *  «  M 

M  O  O  M  *  *NMO 
900PHN90N 
OO  -mmommm 
K *0944409 
•OOMM4NNHI 


MOOOMN4P$ 
m  ©  O  M  *4  M  •  *  M 
N  O  O  O  .  •  >9  9*  JO 
0004W4NNN 
MO  •  9  M  4  N  M  K 
*4  •  O  K  H  N  A  O  O 
•OOMMM4MMI 


8 18  oJ  2°:^! 

sl^ssssis 

O  •  O  n  4  4  4  O  M 
•OOMM4NMMI 


SO  O  O  NNO 

O  O  O  4a3 


8  0  0  0  M  M  O 

O  O  o  M*  o 


•  PNHM 
I  I  I 


MppiOMMPriX 

$ lis*® **§ 

9»pO*KKp*4* 

no *ioN4n« 

*  ’pMMMPOM 
•OOMMN4MMI 
P  N  M  .  M  M  M  M  • 

I  I  I 


6  M  O 
O  •  •  10 
I  -  MMM 


11M  3s8 

poop  *4*0 

poop  oo3 

O  O  5  ©  4  9  • 

•  *9  *4  *  _  OMO 

•  p  *  •  •  o  *  *o 

’  M  M  M  M  -MMM 


g  ^  g  O  ®  *  © 

3  §  o  o  *  o 

,«;***o  -"8 


hlkK 

IkOOO  O  K  O  4U.Z 

jtfH>ZSn4M40  PftMM*OMM 

hiAOfiSoOlkikihlbOAOHSkCA 

MNM4A4NP90HNM444NP9 


91 


IANOOOO0M4ON  • 
<HN9> 


IAN0000*K***0 

Nf  OOOOtiMNNH^ 
O^OOOOVMNUISM 

o  hi  o  o  o  •  •  -n^hn 

•  •  •  •  •  O  ^  K1  «  •  »N 

»0OeOOflMf  - 

M»«^«ONMNNNN 
NH444HHH  •  H  N  » 


MNOP004HN^»N 
N<OdOOOMOHN9'U1 
NNOOOOM^MN^tA 
N  91  O  O  O  •  •  •  H  N  4  <4 

. OAMN  •  •  iA 

lANOOOOflMNON  • 


4OOOOON0NKHN 

(ONOOOO^O^KIHN 

V'MOOOOMf 

^KIOOO  •  •  •  O  O'  *H  * 

•  •  •  •  •  O  tfl  M  O  •  •  N 
9Sooeo(0MwiM  • 
M?  ONWMNNN 

‘HNO* 


M«OOOON00IAMM 
NNOOOO«»M»MII 
KPOOO  •  •  *^N0iA 
•  •  •  •  •  0  0  K)  N  •  •  lA 

IflNOOOdiOMNON  • 

ShSS0hSSMHN0 


»meeo  •  •  >0#hh 
S0eeo8SSo^^ 

NH000HHH  •  H  N  0 

«NOOOON«^MNN 

tflOOOQpMiAiAr^M^ 

t 2s22®rt«^ ® 

0^000  •  •  •  N  0  N  H 

lANoeoitM^oM  • 
ON00^0N 
NN000N^H  •  N  M  r 


tfl  lA  P 

M  ♦  lA  M  PA  <#  X  IA 

stssstttfcssi  | 

OHNA#00N0^OH  2 

NNNNMMNNNNMM  fe 


rnN^OA^K  4OO4M40O 

o*  m  •OONNM  ^OO^NHNO 

0  •AChdAN  HO  O00MAN 

P AA^OO0N  OO  •  •  <N00 

O  +  CA*  •  •  •  •  0  *ONN  •  •  • 

KH00O00A  0OO0MOON 

HH0H0OHAO«40dNMN00 
•NH  •MMMM  •  >0HHHMHN 


I  I 

r  ©  •tAOMpN  HOOgMUNH 
O*  •H9'ONOQ  0OO0MH0N 
»0OOOMOO  0O  •  •  »N0H 

O  0  0  N  •  •  •  •  P  *000  •  • 

NM00O0OP  0OO0 A0 0A 

HHNH0OMMOM0ONMHNN 
•0H  >NM0N  •  <0HHHNHN 


»0mKoNHM  HOO0H000 
O*  *  •  <1  O  O  4N  HOOK)OlAN» 
0*  tNHOOHM  0  OO  A0ON0 

0N0h5mon  P  o  •  •  •  m  k  p 

SM  Jl  K  •  •  •  •  0  •  O  0  M  •  •  • 

H0NO0O0  VOOCMOON 
HH0H0ONMON0ONHN00 
•  NH  *N  A  AN  •  <0HHHNHN 


000NO000  HOONAr NH 

ee  ‘AO0N0  V'OO^d^AH 

<r  •  N  0  o  0  M  ?  NOOA00N0 

rH0NO?Hr  IA  O  •  •  •  K  «  M 

O  NNN  •  •  •  •  P  *0  A  A  •  •  • 

K000O0O0  0OO0A00A 

NHSH0ONAON0ONHHNN 
•  0  H  *N  AAN  •  *0HHHNHN 


0N00OHA0  ^22^2^^^ 
O'  P  ‘HOfllAN  *pp£JgO>!AlA 
O'  •  P  IA  Q  M  IA  M  0550000A 
0 ANNO AHN  KO  •  •  *MKp 

ONNN  *  •  •  •  A  •  O  0  A  •  •  • 

NH0OO0OA  0OO0AOON 
HH0N0ONAON0ONAN00 
•KM  'NAAN  •  .0HHHNHN 
I  I 


i*;ii8S|  innm 

nI^noooo  od|8Sr0A 

HHNN0QNAON0ONAHNN 
•f H  *N  A  AN  •  .0HHHNHN 


ss^issss  SiiSSlSs 

r  «0OQ A00  MOOAANN0 
»NO{O0N0  0O  •  •  *PPK 
O  O  A  0  •  •  A  •  O  0  0  •• 

NNBMOr  OIA  0O$0AOON 
HHiN0ONA0N0ONAN00 
•  KM  'NAAN  •  <0MHMNMN 
I  I 


Ahh(  IA  A0g  AA  A0  A  A 

g&SsssitSIstctsss 

SSSSSaSSSJSSJSSSS 


N  A0 
M  CM  M  O 


IA  5  M 
•  I A  0 
IA  CM  M 
O0MN< 
•  M  •  N 


O  O  O 

CM  £  Si  8  P  00 

•  IA  M  M  CM  K  CM 

M  0OO0N0 

M  *  M  M  P  COO 

M  O  IA  IA  ■  •  • 

O  NOO000 

OCMONC0OMOO 

1  •  H  •  •  •  •  A  A  A  • 


00$ 

JE&« 

M0CMI 


<N  iSSMNM 

IA  M  M  CM  O  CM 

O  0  A  A  N  ON 

0  000  AOM 

P  POO  -  •  • 

IA  N  A  A0O0 

OCMON00QNOO 
1  •  M  •  •  •  •  A  A  A  • 


H  0  N  ( 

•  A  • 

I 


0  AN  CM  N  IA 

O'  •  CM  0  IA  • 

0  A  0  A  0  N 

O  m  CM  •  M  © 

NN0  A00 

M ANOONM0I 


Ul  Ul  Ui 

0  0NNKMK 
A00O0O 
IA  O'  M  M  O  M  O 

O'  P  M  M  CM  O  CM 

M  6  O  O  •  •  • 

O  N  0  0  0  O0 

ONON00ONOO 


WWIU 

0  A  A  0  00 
A000N0 

0OO0A0 

S000H0 

CM  CM  •  •  • 


IA  K 
l  O  CM  O  CM 


M  M  P  O  P 
AAONOO 


S00  •  IA  * 

ON  ANN 
MONOOMMNI 


1  A0  A  00 
0  O  P  M  M 

•  M  O  P  • 

SIS  '•ts 

0  A  A  0  0 

Saoonmmi 

•  •  •  M  •  N 


SIA  P  P  M 

9  AN0 


K  CM  AON 

IA  AOO0NNI 

1  A  *  •  *  M  •  N 


y|  |y  IAJ 

0  000M  AM 

•  »A  O’  O*  CO  JA  • 

0  0NNH  AM 

K  f  HH  AHA 

CM  O  IA  IA  •  •  • 

O  K  K  K  O'  O  O' 

I  N  O  N  A  A  O  CM  O  O 

•  M  •  •  •  •  A  A  A  • 


I  I  I 
WWW 

K  y  >0  P  P  COP 

•  IA  O  O  CM  K  CM 

P  O'  ©  O  O  K© 

A  0000N0 

8  N  f  $  0  O0 

I  N  O  N  A  A  O  CM  O  C 

>  M  •  •  •  •  IA  HI  HI 


CM  CM  CM 

POO 

O' 

A A AN AN 
0  0P0  A0A 

0  0NN0N0 

HI  OOP*  •  • 
O  N000O0 

INONMMONO< 


>P  & «  yi  eSS  5 

0  jS>>SwN002h9QaCLA  8S 

^  W  jfc  J  J  t  f  i  C  h  h  N  N  0  3  0  0  f  S 

u5aoo8ooooooiMifetNi*.xxzM 

0OHNA0AMN0COHNA0A0NA 
0AAA AA AA AAAM0MM0M004 


92 


FILE:  FILE  OUTPUT  A  MITT  A  N  0  MMXTNCV  AIRCRAFT  FACE  00020 


HOOpQH^HUINO 

oooSooookoS 

MOOO  •  •  •  »  M  N  a 
•  *  •  O  M  H  O'  •  •  00 
0QOOO(OMO^M  • 
f  J^ONMKNNN 
<HN» 


I  I 

uj  iu 

PH0  <4  <SJ  %0 

O'  flO  ©  lANtfi 

^  •  H  1A  <0  • 

»  N  M  ^NO 

O  «P  O'  »N»P 

K  O  ©  IA  CSJ  fH 

400NM40I 

•  P  *  H  •  N 


M  M  M 

O  O  O 

SSS 

S22 

*  O'  O' 
O  rfl  M 
NOO 
INHH 


©OOOOIAO'OOOIA 

nooooohnhom 

no^oomhnmno 

OOOO  •  •  •O'tfHN 

.  .  .  .00*4  0  •  •  O 

KOOOOdMdOM  • 
OOOOONMOOON 
H  O  4  O  H  *4  H  •  H  N  O 


NOQOOOMMMF4Q 
OOOOONMOKOW 
N0Q00«40^4M 
MOOO  •  •  'OMNIA 
•  •  •  •  Q  M  H  O  •  •  O 
OOOOOOMNOM  • 

hoo3hnhHhno 


8  M  ""I  3  8  5  <8  5  fieeFrtMHF 

»■  •  M  O  *\  ~0  O'  OOOMHSnN 

oonookoo  o o  •  •  •  o  o  H 

o  o  o  o  o  •  o  O  H 

KHNOOOOlA  ioocOMOOM 
MHOOOOMMONOONMNOO 
•NH  'NMMN  •  <  O  H  H  H  N  H  N 
I  I 


ooia^ooo 

OOOHMHO 


oianS  osoiA  ¥ooom«mh 

ON  ■  N  $  ^  N  NOOKMONO 
O'  'lAOOMOH  K0004N04 

ohnoSoiao  oS  •  •  <OMN 

O  N  Q  H  •  •  •  •  ©  •  O  M  M  »  •  • 

SMtOOOOO  OOOOMOOM 
FtHNN^OHMONOONMHNN 
•OH  <NMMN  •  <4HHHNHN 
I  I 


o 

1 

© 

l 

It 1 

It 1 

O'  IA  * 

Q  *H  IA 

O 

O'  n*  n» 

OPN 

O'  •  M 

IA  N  • 

N 

P  M  N 

IA  1-4  « 

•A 

O  O  IA 

•  IA  O 

<0 

NOP 

HHN 

IA  IA  O 

O' 

00**M000*4 

•  O'  • 
« 

•  •  H  •  N  • 

O 

•  *  H 

S8S882S83S8 

8181^^833 

Nooooirtjoul  • 

sssissi s-sss 


OOOOOHOK  MOOONOMr 
O'  o  •OOOMIA  OOON«ui<ON 
O'  •  0>  <Q  O  2  O  N  N0094UIQ0 

0'0»k52'OK  mo  •  •  -OOH 

O  N  O  N  •  •  «  •  »p  •  O  O  H  •  •  • 

KHNOOOOIA  900CM00M 

HHOO^OHMONOONMNO>« 
•NH  •  *OH*4NNHN 


*  «Ss  m 

823  38*  « 

S5S  .83  8 

«  r.  Kl  H  H  *" 

rt^riSO^NNOOOril 

•  O  •  •  •  H  • S  •  • 


smuMSH 

MOOO  •  •  •  O  o  N  N 
•  •  •  tOMNN  •  •  O 

81|S|SK32Rk 

HOOOMHM >HNO 


oonSonmm  noomommo 

O'  M  •  «  O  0#  ^  MOOf  oopo 

J  :««0#NO  OOOOHkAHM 

OOHNOHNO  9  O  •  •  •  tA  P  N 

OPNO  •  •••  5  •  O  M  N  •  •  - 

NMPOpOOO^OOpOMOpM 
HHN(4|OHMOMf  ONMMNK 
•OH  •  N  M  M  N  •  •PNHHNHN 


8SR 

8~S 

©MM 

IN  O  IA 


)Aeoeoeo»MM« 
Md55o<i24F<4rt 
(AOPpOMNHpMO 
O'OOO  •  •  •  IA  tA  O  M 
•  •  p  N  N  O  •  •  i# 

SffliSSSSSr: 

H  O  o  o  M  H  H  •  H  N  O 


•  i 

OlAP^OMON  mpOOQIAHH 
OK*«Sopo<o  ppppSioHo 
1  ^  i?  PQOMNMOM 

gr,fl^fi®^KN  H  p  •  •  *HMO 

«A  fH  «A  •  •  •  •  9  •  O  N  N  •  •  • 

f4HP»4P5hMOnPonmn^>o 
•NH  •  N  M  M  M  •  .PMHHNHN 


O'  M  O' 

K  IA  tfl 

O 

O  H  K 

P  H  N 

• 

O  •  N 

N  N  • 

IA 

PNM 

IA  M  O 

M 

O  IA  9p 
NNIA 

•  IA  P 

ANH 

8 

H«HOI 

I 


°8S99'A|A*d***3 
iS895H^°°f M 
«oooo#nnmoo 

M  P  p  P  •  •  'PONd 

fliliHsisRK 

•H  9  9  9  PM  *4  ^4  •  H  N  O 


KMpMOOOO^fo^iMOpM 
HMNMpOHMONfSNMHNN 
•OH  •  N  M  M  N  •  •  P  HHMNH  N 


NOlA 
fA  IA  • 
IA  O  IA 
•  O  © 
IAHM 
lONHpl 


£22 


IA  O 

9  ttl  MMPI  IA 

SSSSCREfeSSS  . 

HNMPOPNOOOH  2 
NNNNNNNNNMM  fc 


p  m  hi  _  .  y  hi 

3i  M  M  O  _  IA  ZM  IA 

MKHZ  IA  MBQiAMMplA  IA 

E&S!s22£8lSEt&522 

«R2»3^S3S3333335? 


&  5  £  a.  £  5  !S  ♦  2  3 jjj  ^  «  < 

tiSssssteeetssss 

uoaaoSSaoaaaiuu.u.u. 

.OHNKI-JUl.Ne.OHNWl 


94 


AS  H35  306.2595  308. 9663  308.1962  308.8501  308.0397  308.7399  307.9229 

66  M9  319.8635  319.7900  319.7275  319.6038  319.5918  319.9685  319.9565 

67  H4SS  308.2595  308.9663  308.1962  308.8501  308.0397  308.7399  307.9229 

68  IUPDAT  .0  .0  .0  .0  .0  .0  .0 

69  MBLITE  .0  .0  .0  .0  .0  .0  .0 


«  O  4lAN»»ujHN 

OO  NkflH^NHNO 

OO 

IAO  M  <0  •  •  4  ^  N  ffl 

III  sf  N  H  •  ^  *0 

OO  SN«MNOM  • 

><0*0  •  'NrtMNNN 

.  .  0  .  »  <0  H  H  N  •  M  * 


i 

IO0ON»SI»HM 

IHlflO  N  O 

I*  •OOO^M'p 

>  M  *  •  •  •  *  M  M  5 

►  <40MHP  •  •  <0 
'  ©  O'  o  <0  w  o  *  m  • 

lO'NONMNNNN 
IHHHHH  •  H  CM  * 


OO  H  U)  u'l  ♦  o  O  Ifl 

ko  oo*mmk*m 

HO  HNMHNNN^ 

MO  MO  •  •<IOHN 

*  •  ^  N  i|  H  •  *  *  <0 

OO  0  K  O  M  N»  O  M  • 

><0*0  •  •  M  M  M  *  <0  N 

>  •  <0  •  9"  <0  H  H  N  •  M  * 


0000*00010 
NCOOO'HNHO'M 
N*  •  O  M  M  M  M  h*  * 

*  *  •  •  •  p  *  M  N» 

•  V  O  *0  H  ^  •  •  <0 

KMOOMOOM  • 
l*MOMM**0K 
IHHHHH  •  H  M  * 


<0  O  <0  O  *  M  M  M  M  O 

SO  mokm*0*o 

O  KM*0OO0M 

MO  MO  •  «NOMO 

O  •  N  H>  H  •  <0  •  O 

OO  UINOMNNM  • 

>0**0  •  •MMMHNK 
•  •  *<0  •  *  <0  M  H  M  •  M  * 


OUjNMOOMKIMHp 

SM**OKM0K0O 
HK  *  O  *  0  O  *  0  M 

o  o  #n  *  •  •  •  o  m  m  in 

•  •  •  <0  O  M  H  <0  •  •  O 

S*0*OOMM*M  • 
M9MO  NMHNNS 
NNHHHHH  *HM0 


Sn.  o  m  o  *  m  r*  p  *  o 

MO  ^lON(0S?N'O 
>0  MO  NMO<0NO  ON 

*  *©  MO  •  ■  N  NH* 

•  M  •  *  N  <0  f*  •  *  •  * 

_  £  OO  *f^OMN.OM* 

0*000*0  •  •  M  M  M  M  0 
•  H  •  •  •  0  •  *  0  H  H  M  *  M  * 


ON>*OO0MOM*O 

OOOMON*O*0N<0 

SN.0-OO0OOON. 
N  O'  N  •  N  in  H  <t 

•  •  •  o  o  0  pH  *  •  *0 

SON-MOCOMOOM  • 
M*MOMMfH*0K 
MMHHHHH  •  M  M  * 


MO  0OMO**0M 

oo  *o**om*m 

HO  BN9HOHMN 

*  O  MO  •  •  o  0  M  M 

S*  N.  M  M  •  M  •  O 
O  MNOMNOM* 

100*0  •  •  M  M  M  M  N<  N* 
•  •  •  0  ‘O0HHN  •  M  * 


OMMMOMO*M*M 

0*000**M**M 

SO0  *0*HHHMK 
O  M  *  •  •  •  0  *  M  M 
•  •  •  N  O  M  M  M  •  -  O 

8*O*pOMO0M  « 
M*MOMMMMfsK 


SM  M  M  *  in 

N  N  N  N  N 


MIOOPOI 

o  in  0  3k  *  < 

*  M  M  M  fH  I 
HJO  *  •  O  ( 

*  N*  K  M  •  ( 
MNOMNt 

>  •  •  M  M  M  I 


k  in  o  in  o  i 
in  in  m  0  m  i 

*  M  *  N  p  < 

o  o  •  •  *  < 

*  N*  *  M  •  < 
HN«MM 

O  •  •  M  M  M  < 
•00HHM 


IsPsifcfcS! 

0  N  O  *  Q  M  < 
NNNN««< 


IQQQPi 

*  o  0  9k  0  • 

•OMMHI 

•  •  •  m  i 


sssssssssssssssssssssssssss 

"55555555553555555555555555 

oxxxxxxxxxxxxxxxxxxxxxxxxxx 


So o  o  i 
M  0  O  < 
1  O  *  N»  M  I 


imsnimasninimininsmsm 

HI  m  Hi  |n  hi  |y  m  m  in  |y  hi  III  III  iy  ly  |y  |0  ill  |0  10  hi  III  10  10  |0  |0 


1  •  *  'OONpjjjyjjaijjyjjjyjjjjjjjyjjjj 

>  ©  *  m  o  •  o  |0  m  |0  |0  hi  iy  i0  ui  I0uiitfuiuii0iyi0iyuji0iyuii0i0iyi0iy 
>oomm*m^«o5oo5ooooooooooooqooooooo5 

I  O  M  M  M  M  K  K 


SSf! 


■ttti1 

I  *  O  M  M  I 

>  o  *  *  *  < 


MM  ozzzzzzzzzzzzzzzzzzzzzzzzzz 
oooooooooooooooooooooooooo 

PhhNhhhNhhNhhhhhhhhhhhhNhf- 

ssssssssssssssssssssssssss 

X  5  IKKKKCKKBKKCBKKKOtKKKKKCKtCK 

mm*mmmmmmmmmmmmmmmmmmmmmmmmmh 

ZZZO0O5<5COH<0<0<<0O<05<5<5<O<0 

_ S\S\N\S\\\\SS\\\\\SSSS\\\\ 

"*v8ssssssssssssassssssssssss 

I  I* 


95 


J 


Lit 


/, » 
V,  4 


i 


f  ^ 


e  e  e  o 
l  o  o  o  o 

I  o  o  o  o 

I  o  o  o  o 

e  o  o  o 

■  A  •  *  *  * 

1  O  O  A  •  •  H 


222222222 

BnBHnnnnS 

kSkEsEkHH 

888888888 

III  III  III  III  IM  III  III  U|  IM 


-I  ^  ai  «l  J  J  ^  ^ 

|  ggggggggg 

£  zzzzzzzzz 

^  003900000 

SSSSSSSSS 

“  ataeatacacaiaacac 

:  sssssssss 

3  *S5sg*s»g 


mooKnhmnK 

HooN««  •  •  » 

$oSmp<N$J  ^ 

J  O  •  C  N  H  A  H 
f  •  O  ?  N  H  K>  Ifl  5 
•  OOHH«|NNflO 
A  NH  •  ANHH  •  • 

I  I  I 


I  I 

OOoSn9*«o3( 

NQONSH  •  •  A 

Q  ©  O  «  •  •  A*  ^  nO 

^OOMf N^AH 
£  O  •  N  ^  A  A  ^  H 
«  •  O  M  H  O  N  A  ^ 

•  oomhnahni 

A  N  H  •  N  K  H  H  • 

I  I  I 


0000  m * e o  +  o o 0  •  •  * ammo 

0000  *  O  •  •  •  •  •  •  O  N  0  H  .  -  A 

•AAA  ONO^SeOOOtOMlA^M  • 
O0  •  •  •  O  •  •  AM  A  A  A  A  ONMHWNN 

•  HHHH  •HMNNMAAAMHH  •  H  N  A 


>  0  0  NA0NA00000  A< 

kOO  *00'A*0000Mini 

100  Mooocooooo^ini 

IOQ  eMOAAOOO  •  •  •( 

100  . . OAO( 

'A  A  OHO  ANOOOOIOMI 
•  •  •  O  •  -AMAAAAONM' 

IHH  •MHNNHAA4MHH 


H  Ik  A 

Ikg  A  A  tfl  h  M  AlkZ 

UllkZlM  AMAti  AftttMAOMM  M  _  A  A 

ZHMAhhhhZMMZZrtaQJMMA  A  AM AC  A 
HQJIk&&hHAAA&MOSKHKhMMAhKh!kMMA 
-I  hAAOQOQOlklhiklkUttOMftaH&SIKKhkZSZZ  Of 

fMNMAAANAAOHNMAAANAAOMNMAAANAAQH  5 

hhhhmhhmhhnnncmnnnnnnmm  k 


ANN  AOMI/I 
O'  N1  *(D  OAA 

0^  •  in  in  o  o  O' 

AMN AOAH 
O  M  A  A  •  •  • 
N  N  N  A  O#  A 
HH  A  A  AOH 
•NM  •  NMM 
I  I  I 


anmSoom 

A  0  •  A  OHM 

O'  •  aaohn 

AH A  A  OOM 
ON  A  A  •  •  • 
NNMOONA 
H  H  N  O  A  O  H 
•  «  H  •  NMM 
I  I 


AND  AO(0M 
A  8  •  A  O0W 
O'  •  N  A  ONM 
A  A  AHOAM 
O  A  AM  •  •  • 
NHNA08A 

H  H  A  N  A  O  H 
•  No  •  N  MM 
I  I 


am  m  ^ 

M  M  8 

m  h  n  S  m 

>ft.h<MMA 

UfifllkSSt 

N  M  A  M  ANB 

m  m  m  m  mmm 


96 


I 

M  SoOrtO»NN<« 

o-  «Moo<rosooo' 

«M  IflOOj^HCOH 

•  ^  o  •  •  •  •  M  Nl 

4  •  O  ifl  ^  •  •  • 

to  ttOOQN^OM 

MON^ONMH^4 
N  •  •  >fl  H  H  H  N  H  N 


NOO^Off'NH 
NOO-fHlflO'N 
ff'OOlfllflHlflN 
|H  O  •  •  •  K>  K>  fO 
H  •  O  M  O  •  •  • 
O'OOCOMO'O'rt 
N«TOMWHNN 


iy 

00004M04 

I  *fOONU1NN!Ui 

I  10  o  •  •  •  «  M  M 

s0  ‘  O  IQ  O  •  •  • 

I  QOOAM^OKI 

ION^ONMH^vO 
I  •  *4HHHNHN 


W  . 

U  IA 

lilZM  l ft 


^  O  H  N  M  IA  < 
W't't  ^  1 


M  «Sl 

O  O 

«$» 

O'  •  10  ID  O'  H 

O'  K  CO  O'  • 

O'  *  <±  tn  ^  «0 

on}  tHN 

N  H  o  in  ^  o 

HONOO'O'ANOI 


sss 

otAsr^ff'o^o 
ONNOOIAHIA 
SONMM  •  •  • 

oocpo'o'coo'co 

I  iH  •jHHOHOi 


004  O'  O  <COMO‘NN'ON 

O  O  N  W*  O  00*O^OlAff*N 

ooo  oo  o->ro,0'M^Mr«* 

ooo  coo  >00-  •  *  ^  r»  ^  ^ 

OO*  ^  •  OOlflff*  *N  -N 

O  O  CO  OO  •  •«NNftlrt  • 

I  •  •ff'OO'fl'JOOONWNH'ON 
>NHH  •  •  •  «  .  H  H  H  H  N  *  M  O' 


Itf 

O'  N  N 

2*~ 

N 

uj  at  iu 

0009M9 

>0 

sp  O 

in 

iniAO'ONMHH 

O  CO  >0 

O*  *  M 

O'  CO  to 

Ifl  N  N  H  N  H 

M 

o  o 

nm^HNONM 

O  O'  M 

O'  N 

M  M  • 

O 

O'  N  N  H  N  H 

o 

3n  o 

lANMlAMNN'O 

O^O 

O'  0  m 

O0N 

© 

O  M  M  ft  M  ft 

o 

o 

o*  co  •  •mono 

OOO* 

ooo 

•  N  H 

O  M  M  •  •  • 

in  • 

}NNO  •  H  •  O' 

•  •  • 

NO? 

m  m  h 

m 

h*  m  m  f*  O'  r% 

CO 

o  o 

O'  K  CO  M  Nin  M  • 

OO'O 

O  *4  O  O 

7 

6 

6 

0 

0 

0 

z 

0 

2 

2 

2 

0 

1 

0 

0 

0 

0 

9 

0 

0 

moo 

*  -NMNHNN 

m  m  O' 

•  M  •  *  • 

H  •  N  • 

•  •  i* 

•  •  *  •  M  M  M  • 

•  •  0*  •  • 

•  m 

O'  m  H  H  CM  •MO' 

(MNH 

O'  N  M  MOO 

O'  >0  N  CO  H  H 

O'  •  O  JO'  • 

O*  M  M  IAMN 

O  n*  n*  •  10  IA 

NOM  MOO 

HNM004HN0I 
•  9s  •  H  •  N 


W  W  III 

o  ^  M  M  QO  M  (0 

#  m  ^  o  m  o 

*4  O'  M  M  N  M  (SI 

S  SSS'4:^'*. 

*  sinih«o>o 

IOHON4MOHOI 
.  •  H  •  •  •  •  WWW 


OWOMhSm 

NinNiAinimnN 


9  oo  ocsio'incsiin^o 

?  mo  ««  •  •mo'NO 

^  i  n  m  o  •  o  *n 

K  OO  «N«MNMM  • 

OOOOOOO  •  -NMN«J  MS 
•  H  •  •  •  m  >04MHN  •MO1' 


ft.  J  JUZ  h  III  z  o, 

>9  Sou  o<5  <  h  S  Z  -j  in  . 

i<S&aM30H  jSoa  m  o  h  5  Szi/i  o  w  k  m  o  ^ 

Oj9>><^hi&d2h<0&ftM  via  Ji'f  52<  zz  mmo  £  m 

>uiaJj£ZaPPhkh<<<M|o5auh«2rowMJh|-laM2 
uoaoo5Sooooouiiyiyu.zxzMSa&9o3«HHHHH3ZZX 

OpMNM<Oin'ON(00>OMNM^inMN«0'OHNM<tlA'ON«O^QMNM^ 

^mmmmmMiflmmmMMM'OMMM'O'O’ONNNNNNNNNNio*®® 


o  in  n 
in  m  O' 

g  NNH 


o  a.a.a» 

l  sss 


97 


ji  ss« 


ga,  S5x 

ssicipl 

a  ui  o  a  oc  k*  X 


P£23is« 

a  a  u  S  *t 2 


■»  VI 

Sift  ILU_ 

tSliSs 

a  a  3  atkz 


“Sit 

•o«*hAhn 

8  .  .  .MNMN 

o  M  •>  f.  •  •  b* 

mOCONNOM  . 
MONMH«'«N 
*H  *H  *4  <H  .H«l» 
I  I 


40»0««Hrt 
«Q4'4e»M« 
■  o  i  M  N  m  N  4 

r>  .  .  .  *.  m  m  e 

ID  O  N  OH  •  ■  f 

o'oeiout'tm.' 

monmhnkn 


iffcl 


sssssom^ 

ssssa'.sss; 


NiliiSi 

SSSSSS** 


K  XX  M 

S  Si «  i- 

1  «°  8 

*  a  a  1 

H  Z  ©  X 


w  ^  W 

C  88  x 

M  u  x  a 

P  « «  u 

Jj  lb  j  u 

*  J  ? 

x  M 

1  2i  § 

Ip  2 

3_  * 


f  5  jtf 

PS  “ 


liggsts 


3  Ps-r 

t assist 

Essssps 


Si  §  Szga 

ssssili 


Inn** 


ik  u>  r 
SCfc  WB  jl 

ssSitss 


liomS  5 

PS2SSSP 


98 


APPENDIX  B 


SAMPLES  OP  STATE,  STATIC,  AND  MEAS  SUBROUTINES 

SUBROUTINE  STATIC ( X, P , V, U ) 

C  SUBPROGRAM  STATIC  —  STEADY  STATE  BALANCE  POR  SIMPLE  BURNER  MODEL 
C 

C  INPUTS:  U  -  ARRAY  OP  INPUTS 
C  P  -  ARRAY  OP  TWIDDLE  PACTORS 

C 

C  OUTPUT:  X  •  ARRAY  OP  STATES 
C 

C  COMMENTS :  NONE 

implicit  double  precision  (a-h) 
iaplicit  double  precision  (o-s) 

DIMENSION  X(1),U(1),K1) 

DIMENSION  YSTATE ( 5 ) , DYDX (  S ) 

DOUBLE  PRECISION  NAME(S) 

DIMENSION  DEL TAX ( S ) ,  DXALOW( 5 ) ,  TOL{5) 

EQUIVALENCE  ( YSTATE ( 1 ) ,  PT3 5 ) , ( YSTATE ( 2 ) ,  TT35 ) , ( YSTATE ( 3 ) ,  PT4 ) , 

•  (YSTATE! 4),  TT4 ) , ( YSTATE ( S ) ,  PAMB) 

EQUIVALENCE  (  DYDX( 1 ) , DPT35 ) , (  DYDX( 2) , DTT35 ) , (  DYDX ( 3 ) , DPT4 ) , 

*  (  DYDX( 4 ) ,  DTT4 ) , (  DYDX( S ) , DPAMB ) 

DATA  NAME  / 

1  ' PT35  '.'TT35  ','PT4  »,'TT4  ' , ' PAMB  »/ 

C****************************** 

C  EXTRACT  INPUTS  PROM  ARRAY  * 

C* ***************************** 

PT3U  -U{1) 

TT3U  -U(2) 

WPHBU-U( 3 ) 

C 

AP3  -P(6) 

BP3  -PC  7 )  , 

AT3  -P( 12 ) 

BT3  «P( 13 ) 

AWP  -P( 21 ) 

BNP  -P<22) 

C 

C  SENSOR  MODELS  POR  INPUTS  ARE  MOVED  HERE  SO  THAT  THE  ERROR  EPPECTS 
C  DRIVE  THE  MODEL  -  AS  THEY  MILL  IN  TESTING. 

C 

PT3  -  AP3  *  PT3U  ♦  BP3 
TT3  -  AT3  *  TT3U  ♦  BT3 

C*************************** 

C  MEASURED  PUEL  PLOW  * 

C** ************  ************* 

WPHB  -  AWP*WPMBU+BWP 

C 

C************************************* 

C  INITIALIZATION  POR  STATE  VARIABLES  * 
c************************************* 

PT35-.97*PT3 
TT3S-TT3 
PT4  >.94*PT3 
TT4  -TT3+1500. 

lf(  p( 39 )  .eq.  0.0)  tt4  -  tt3 
PAMB-. 02 

c* ••*•••••**••••••*•*•• 

C  HISCELANIOUS  PLAGS  * 

C*t»«**«»***t*tmt»Mt 

TIME-0. 
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me 


n  o  o 


TOLE-.IO 
PCTDX*. 001 
XBOUND-. 1 
HXPASS-100 
ISSPNT-0 
dt  -  p(38)  - 


STEADY  STATE  BALANCE  * 

10  CALL  BKNMDL ( 0  ,-l  , TIME, YSTATE,U,P,DYDX, Y,DT) 

CALL  SSBLOKNEQ  ,  ISSPNT,  YSTATE,  DYDX  ,  IWAY  ,  TOLE  , 

*  PCTDX  ,  XBOUND,  MX PASS,  NAME  ,  XBOUND,  MXPASS, 

*  NAME  ,  NPASS  ) 

GO  TO  (10,10,15,11,13) , IWAY 

11  WRXTE( 6,12) 

12  FOBMAT( IX, *  STEADY  STATE  BALANCE  FAILED  -  »/ 

*  IX,*  SINGULAR  JACOBIAN*  ) 

STOP 

13  WRXTE( 6 , 14 ) 

14  FORMAT( IX, 'STEADY  STATE  BALANCE  FAILED  WITH  MAX.  PASSES*) 
STOP 

15  CONTINUE 


PUT  STATES  INTO  X  ARRAY  * 

DO  20  X-1,NEQ 
20  X(I)-YSTATE(I) 

RETURN 

END 
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SUBROUTINE  STATE ( X , U , P , XDOT , TIME ) 


SUBPROGRAM  STATE  —  CALCULATED  DERZVITZVES  0 P  STATE  VARZABLES 

ZNPUTS :  ZUPDAT  -  LAG/MODE  UPDATE  PLAG 

-1  DURZNG  STEADY  STATE  BALANCE  OR  ON  PZRST  CALL 
0  DURZNG  CONVERGENCE  ATTEMPTS 
1  AFTER  COMPLETED  DT 
TZME  -  TZME 

X  -  ARRAY  OF  STATES 

U  -  ARRAY  OF  ZNPUTS 

P  -  ARRAY  OF  DZDDLE  FACTORS 

OUTPUTS:  XDOT  •  ARRAY  OF  DERZVZTZVES 


iaplicit  double  precision  (a-h) 
implicit  double  precision  (o-z) 

COMMON  /dLAG/  iupdat 

COMMON  /CLAG/  ZPROP 

DZMENSZON  X( 1 ) ,U( 1 ) ,P( 1 ) ,XDOT( 1 ) 

ZPRPL-0 
dt  *  p( 38 ) 

CALL  BRNMDL ( Z PRPL , ZUPDAT , TZME , X , U , P , XDOT , Y , DT ) 

RETURN 

END 


OUOUUUO U uuououuuo  oou  oo  uuuuo 


SUBROUTINE  NBAS (  X ,  U ,  P , XDOT , Y ) 


SUBPROGRAM  MEAS  —  LOAOS  OUTPUTS  INTO  Y  ARRAY 

INPUTS:  TIME  -  TIME 

X  -  ARRAY  OP  STATES 
U  -  ARRAY  OP  INPUTS 
P  -  ARRAY  Or  DIDDLE  PACTORS 

OUTPUTS:  Y  -  OUTPUT  ARRAY 

COMMENTS : 

1.  ANY  AVAI LIABLE  PARAMETER  CAN  BE  OUTPUT  BE  CALLING  HEADLD 
WITH  THE  PARAMETER . 

2.  ANY  SYNTHESISED  PARAMETER  SHOULD  BE  CALCULATED  IN  THE 
APPROPRIATE  SUBROUTINE  AND  PASSED  TO  PRPL. 

3.  PARAMETERS  ARB  ARRANGED  IN  THE  Y  ARRAY  IN  THE  SAME  ORDER 
AS  THE  CALLS  TO  HEADLD. 


implicit  double  precision  (e-h) 
implicit  double  precision  (o-s) 

DOUBLE  PRECISION  HEADER 

INCLUDE  'DUA2: (UTPWA.SCIDNT.SPL)NLMCOM.INC' 
COMHON/CLAG/  I PROP 

COMMON/PRPLBS/HEADER (100), VAROUT( 100), NLOAD 
DIMENSION  X( 1 ) ,XDOT( 1),U(1),P(1),Y(1) 

DATA  iriRST/0/ 

LOAD  NAMES  OP  OUTPUT  VARIABLES 
IP( IPIRST.EQ.l )GO  TO  1 
IPIRST-1 

CALL  HEADLD(*W3H  ' ) 

CALL  HEADLD('PT35M  * ) 

CALL  HEADLD( 'PT4M  * ) 

CALL  HEADLD( 'TT4M  ' ) 

CALL  HEADLDCN4M  ') 

LOAD  Y  ARRAY 
L  CONTINUE 

CALL  BRNMDL( 1,0, TIME, X,U,P, XDOT, Y,DT) 


********  REMOVE  WRITE  LOOP  BEPORE  RUNNING  TRANSIENTLY 

>**•••***•***••***•**•*•*•*••••*•*•••*•**•*****••***••  i 

WRITE( 6, * ) IPROP, Y( 3 ) 

«END  SCT 
RETURN 
END 
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